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Cotta & Ceramic Company. 


President, Star Encaustic Tile Com- 


pany. 

Treasurer, Star Encaustic Tile Com- 
pany. 

Supt., Equitable Pottery, Trenton 


Potteries Company. 
Manager, Crescent Brick Company. 


With American Clay Machinery Com- 
pany. 

Erecting Engineer, with C. W. Ray- 
mond Company. 


Manager, Marblehead Pottery. 


Assistant Professor of Chemistry, 
Colorado School of Mines. 


Student. = ain... Ceramics; Rutgers 
Scientific College. 

Secretary, Treasurer and General 
Manager, Globe Pottery Company, 


Assistant Manager Elite Pottery Com- 
pany. 


Carnegie Steel Company, Braddock: 
Pay 


Chemist, Laclede-Christy Clay Prod- 
ucts Company. 


Chief Chem. Engr., Laboratory General 
Electric Co.’s, Lynn, Works. 
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BEST, HAROLD, 
81 Easton Ave., 
New Brunswick, N. J. 
BLACKBURN, J. E., JR., 
32)S 54th St; 
Philadelphia, Pa. 
BLAIR, WILLIAM P., 
Cleveland, Ohio. 
BLOOMFIELD, CHARLES A., 
Box 652, Metuchen, N. J. 
Bocu, JOHN W., 
_ Bast Liverpool, Ohio. 
BokEck, PERCY A., 
Worcester, Mass. 
BOGARDUS,.C- E4-Bs5., 
90 Columbia St., 
Seattle, Washington. 
BONNET, FREDERIC, JR., PH.D., 
22 Dayton St., 
Worcester, Mass. 
BooraEM, J. FRANCIS, M.E. and E.E., 
1182 Broadway, 
. New York, N. Y. 
BOwMAN, ROBERT K., 
Trenton, N. J. 
Bowman, WILLIAM J. J., C.E., 
Trenton, N. J. 
Brapy, HuGH SOBIESKI, 
Washington, Pa. 
BRAGDON, Wo. V., B.Sc. (in Cer.) 
Chicago, Ill. 


BRITTON, CHARLES P., M.D., 
126 W. State St., 
Trenton, N. J. 


BROCK, FRANK PETERSON, B.Sc., 
1308 Ohio St., 
Lawrence, Kansas. 


BROWER, FRED, 
Renton, Wash. 


Brown, EDMUND, 
Charleroi, Pa. 


Brown, RALPH EpGaArR, 
915 W. Illinois St., 
Urbana, Ill. 


BRUNER, WILLARD LYNN, 
233 High St., 
Perth Amboy, N. J. 


BRYAN, MERRILL, L., 
2103 N. Seventh St., 
Kansas City, Kas. 
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Student Ceramic Department, Rutgers 
Scientific College. 


Secretary, National Paving Brick Man- 
ufacturers’ Association. 


Treasurer, Bloomfield Clay Company. 


Consulting Ceramic Engineer, West- 
inghouse Electric Company. 


Chemist, Norton Company. 


Assayer and Chemist. 


Assistant Professor, Chemistry, Wor- 
cester Polytechnic Institute. 


Treasurer and Manager, American 
Enameled Brick & Tile Company. 


Treasurer, Trenton Fireclay & Por- 
celain Company. 


Trenton Fireclay & Porcelain Com- 
pany. 

Engineer, Hazel Atlas Glass Company, 
Factory No. 2. 


University of Chicago. 


Treasurer, Star Porcelain Company. 


Apprentice, Denny-Renton Clay & 
Coal Company. 


Assistant to Second Vice-President, 
Pittsburgh Plate Glass Company. 


Student, Ceramic Department, Uni- 
versity of [linois. 


€ 


Ceramic Chemist, Roessler & Hass- 
1acher Chemical Company. 


Kansas City Terra Cotta Company. 


AMERICAN CERAMIC SOCIETY. 17 


BucKLES, WINFRED GRANT, 
710 Lincoln St., 
Coffeyville, Kas. 
BuRNS, BENJAMIN FosTER, B.A., 
Renton, Wash. 


Burr, FRANCIS T., 
150 Nassau St., 
New York City. 
BuRrR, ROBERT BRINKERHOFF, 
Lancaster, Ohio. 
BUTTERWORTH, FRANK W., 
Danville, Ill. 
CaBLE, Davis A., M.E., 
Masonic Building, 
Lima, Ohio. 
CAMPBELL, AUGUSTINE R., 
135 Johnson Ave., 
Tottenville, S. I., N. Y. 
CARDER, FREDERIC R.., 
Corning, N. Y. 
Case, W. W., JR., 
Denver, Colo. 
Cawoop, RICHARD L,., 
East Liverpool, Ohio. 
CERMAK, FRANK, 
116 4th Ave., 
Schenectady, N. Y. 
CHAMBERS, A. R.., 
138 W. State St., 
Trenton, N. J 
CHASE, Marcu F., B.Sc., 
Depue, Ill. 
CHENEY, MERRITT B., CR.E., 
Kachelmacher, Ohio. 
CHILD. | La 
Findlay, Ohio. 
CHORMANN, OTTO IRVING, 
Rochester, N. Y. 
CLAFLIN, WALTER N., Cr.E., 
1550 Neil Ave., 
Columbus, Ohio. 
CLARK, JOHN, 
401 Vernon Ave., 
Long Island City, N. Y. 
CLARK, THOS. W., E.M. (in Cer.) 
Kankakee, Ill. 


Coss, ROBERT WEEKS, B.Sc.jon" 


K and First Sts., 
Boston, Mass. 
CONKLING, SAMUEL O., 
Philadelphia, Pa. 


Treasurer, Coffeyville Vitrified Brick 
& Tile Company. 


Head Burner, Denny-Renton Clay & 
Coal Company. 


Manager, Richmond Kaolin Company. 


Sales Manager, Frink Pyrometer Com- 
pany. 

General Manager Western Brick Com- 
pany. 


Terra Cotta Ceramist. 


Sales Agent 
for Clay and Sand. 


Manager and Chemist, Stuben Glass 
Works. 

President and Manager, Denver Fire 
Clay Company. 

Manager, Patterson Foundry & Ma- 
chine Company. 


Foreman, Porcelain Works, General 


Electric Company. 
Fire Brick Manufacturer. 


General Superintendent, Mineral Point 
Zinc Company. 


Factory Foreman, C. and H., C. and 
I. Co. 

Hancock Brick & Tile Company. 

Chemist, The Pfaudler Company. 

With Edward Orton, Jr. 

Superintendent, New York Architec- 


tural Terra Cotta Company. 


Superintendent Kankakee Tile & Brick 


Company. 

Ceramic Chemist, Assistant to Karl 
Langenbeck. 

Superintendent, Conkling-Armstrong 


Terra Cotta Company. 
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Cook, May E., 
1550 Clifton Ave., 
Columbus, Ohio. 
Corns, ALBERT W., 
Wellsville, Ohio. 
COULTER, ALLEN 6&., 
559 Rividavia, Buenos Aires, 


CoVaN, H:-E:, 
Cleveland, O. 
Cowan, Lou A., 
Cannonsburg, Pa. 
CRISTIANI, ESTEVAN F., 
232 Rector St., 
Perth Amboy, N. J. 
CROOK, CHARLES M., 
Youngstown, Ohio. 
CROSSLEY, GEORGE CORLISS, 
514 East State St., 
Trenton, N. J. 
CUNNING, WILLIS E., 
East Liverpool, Ohio. 
DANVER, JAS. H., 
Beaver, Pa. 


DEFEBAUGH, EDGAR H.., 
355 Dearborn St., 
Chicago, Ili. 
DE Rosay, D. WARREN, 
Corry, Pa. 
DEVOE, CuHaAs. H., 
Old Bridge, N. J. 
DOBBINS, T. MONROE, 
Camden, N. J. 
DORNBACH, WM. E.., 
McGregor, Iowa. 
DYER, BRAINERD, A.B., B.S., 
Cleveland, Ohio. 
Haston, H. D., 
430 Transylvania Park," 
Lexington, Ky. 
EBINGER, Davip Huco, M.E., 
Columbus, Ohio. 
EpGAR, DAVID RAYMOND, 
Metuchen, N. J. 
ELLERBECK, WM. LEON, D.D.S., 
703 Boston Building, 
Salt Lake City, Utah. 


ERNEST, THOMAS REUBEN, PH.D., 


Spokane, Wash. 


ESKESEN, BENNET K.., 
Matawan, N. J. 


Argentina, S. A. 


Manufacturing Art Terra Cotta & Art 
Cement Tile. 


Manager, McNicol & Smith Company. 


Price Electric Pyrometer Company. 


Manager, Decorating Department, Can- 
nonsburg Pottery. 

Assistant Chemist, 
White Wall Tile. 


Manufacturing 


General Manager, Bessemer Limestone 
Company. 

General Manager, The Claspka Mining 
Company. 


Assistant Manager, West End Pottery. 


Superintendent of Works, United 
States Sanitary Manufacturing 
Company. 

Editor and Publisher ‘‘Rock Prod- 
vCts,2 


General Manager, Corry Brick & Tile 
Company. 

Assistant Superintendent, Old Bridge 
Enameled Brick & Tile Company. 


Secretary and ‘Treasurer, Camden 
Pottery Company. 

Student, Ceramic Department, lowa 
State College. 

Head of Publicity Division, National 
Carbon Company. 

Kentucky Geological Survey. 


Superintendent, D. A. Ebinger Sani- 
tary Manufacturing Company. 


Assistant General Manager, Edgar 
Brothers Company. 


Director, Utah Fire Clay Company. 


Professor of Chemistry, Spokane Col- 
lege. 

Superintendent, N. J. Mosaic Tile 
Company. 
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Essic, FRED H., 
Bucyrus, Ohio. 
Evatt, FRANK G., 
1114 Fulton Building, 
Pittsburg, Pa. 


Facxt, GEO. PostaL, E.M. (in Cer.) 


4903 Washington Ave., 
St. Louis, Mo. 
FALKENBURG, M. J., B.S., 
95 Yesler Way, 
Seattle, Wash. 
FERGUSON, SILAS M., SR., 
321 W. 4th St., 
East Liverpool, Ohio. 
FIDDLER, THOMAS J., 
New Brighton, Pa. 
FISHER, BEN 6., 
Union Furnace, Ohio. 
FISHER, DouGLAs J., 
Sayreville, N. J. 
Forp, G. BERGIN, 
College Park, Fla. , 
Forst, A. D., B.S., 
Trenton, N. J. 
FRANZHEIM, CHARLES W., 
Wheeling, W. Va. 
FRASER, W. B., 
Wilson Building, Dallas, Texas. 
FRERICHS, WILLIAM D., 
Tottenville, S. I., N. Y. 
FULLER, RALPH L., 
Cleveland, Ohio. 
FULPER, W. H., 
Flemington, N. J. 
FUHRMANN, FRANK J., 
3221 California Ave., 
St. Louis, Mo. 
FULTON, CLARENCE EDWARD, 
214 Handy St., 
New Brunswick, N. J. 
GALLOWAY, WILLIAM, 
3215 Walnut St., 
Philadelphia, Pa. 


GALPIN, SYDNEY, L., A.B., A.M., 


Ithaca, N. Y. 
GARRISON, AMOS, 

Salt Lake City, Utah. 
_ GARVE, T. WALTER, M.E., 
122 W. 3rd Ave., 

Columbus, Ohio. 

’ GATEs, A. W., 
Monmouth, Ill. 


Assistant Kiln Department, American 
Clay Machinery Company. 


District Manager, Atlantic Terra Cotta 
Company. 


Ceramic Chemist, St. Louis Terra Cotta 
Company. 


Proprietor, Falkenburg & Laucks, 
Assayers and Chemists. 


Vice-President and General Manager, 
East Liverpool Potteries Com- 
pany. 

Superintendent, Sherwood Brothers. 


Superintendent, Columbus Brick & 
Terra Cotta Company. 


Sayre & Fisher Company. 
Atlanta Terra Cotta Company. 


President Robertson Art Tile Com- 
pany. 

Chas. W. Franzheim & Son, Ceramic 
Engineers. 


General Manager, 
Brick Company. 


Atlantic Terra Cotta Company. 


Fraser-Johnson 


Partner, Harshaw, Fuller & Goodwin 
Company. 

Secretary and Treasurer, Fulper Pot- 
tery Company. 

Student, School of Ceramics, Univer- 
sity City. 


Student, Rutgers Scientific College. 


Manufacturer of Terra Cotta. ° 


Instructor, Department Mineralogy, 
Cornell University. 


Foreman, Utah Fireclay Company. 


Chief Draftsman, Richardson-Love- 
joy Engineering Company. 


General Manager, Monmouth Mining 
& Manufacturing Company. 
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GaTEs, Major E., 
Terra Cotta, Ill. 
GatEs, NEIL H., 
Peoples Gas Building, 
Chicago, Ill. 
GATES, WILLIAM P., 
Terra Cotta, Dl. 
GODDARD, WALTER T., E.E., 
Wictor, Nia Ye 
GODFREY, Lypi1A B., PH.B., 
Grand View-on-Hudson, N. Y. 
GOLDING, CHARLES E., 
Rear 217 S. Warren St., 
Trenton, N. J. 
Goon, Ravpu E., 
Rattonwra- 
GoopWINn, HERBERT, 
811 Avondale St., 
East Liverpool, Ohio. 
GORSLINE, WILLIAM H., 
242 Culver Road, 
Rochester, N. Y. 
GraHaM, W. A. P., 
New Brighton, Pa. 
GRAINGER, ALFRED C., 
Trenton, N. J. 
GREENS daclye ChHs 
St. Louis, Mo. 
Greener, G. C., E.M. (in Cer.) 
Boston, Mass. 
GREGORI, JOHN N., 
Chicago, Ill. 
Grecory, M. E., 
Corning, N. Y. 
GRIFFIN, CARL H., 
Wesseling, Bez Koeln, 
Germany. 
GRUEBY, WILLIAM H., 
Boston, Mass. 


GUASTAVINO, RAFAEL, 
The Fuller Building, 949 Broadway, 


New York City. 


GUNNISS, WILLIAM HEROLD, 
Acconda, Utah. 


HALL, ROBERT T., 
East Liverpool, Ohio. 


HAMILTON, JAMES, 
Trenton, N. J. 


HAMILTON, W. L,, 
Mt. Savage, Md. 
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Superintendent, American Terra Cotta 
& Ceramic Company. 


Secretary and Treasurer, American 
Terra Cotta & Ceramic Company. 


American Terra Cotta & Ceramic Com- 
pany. 

Locke Insulator Manufacturing Com- 
pany. 

Director, Glen Tor Keramic Studio. 


Manager, Trenton Department of Gold- 
ing Sons Company. 


Superintendent, Geo. §. Good Fire 
Brick Company. 


Secretary and Manager, Rochester 


Sewer Pipe Company. 


Secretary and Treasurer, American 
Porcelain Company. 

Secretary-Treasurer and Manager, 
Greenwood Pottery Company. 

President, Laclede-Christy Clay Prod- 
ucts Company. 

Instructor in North Bennett Street 
Industrial School. 

Kiln Burner, Northwestern Terra Cotta 
Company. 

Proprietor, Corning Brick, Terra Cotta 
& Tile Company. 

Deutsche Norton Gesellshaft M. V. H. 


President, General Manager, Grueby 
Faience Company. 


President, The R. Guastavino Com- 


pany. 


Secretary and Treasurer, Hall China 
Company. 


Superintendent, Ideal Pottery of Tren- 
ton Potteries Company. 


Superintendent, Mt. Savage Fire Brick 
Company. 
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HANSEN, ABEL, 
Fords, N. J. 

Harpy, Isaac ERNEST, 
Momence, Ill. 

HarE, ROBERT L., 

; Fort Worth, Texas. 

HarkKEr, H.N., 
East Liverpool, Ohio. 


HARPER, JOHN LYALL, i 


Niagara Falls, N. Y. 
HARRIS, CHARLES T., 
Arena Building, 
New York City. 
HASBURG, JOHN W., 
244 Lincoln Ave., 
Chicago, Ill. 
HASSLACHER, JACOB, 
100 William St., 
New York City. 
HASTINGS, FRANCIS N., 
Hartford, Ct. 


HAVILAND, PAUL B., 
45 Barclay St., 
New York City. 


Haynes, FRANK R., 
Baltimore, Md. 


HEIDINGSFELD, RALPH, B.Sc., 
40 Albany, New Brunswick, N. J. 


HENDERSON, H. B., B.Sc., 
1538 N. High St., 
Columbus, Ohio. 


HEROLD, JOHN J., 
Golden, Colorado. 
Hiccins, ALDUS, C., 
Worcester, Mass. 
HINnE, HOMER H., 
Wellsville, Ohio. 
Hipp, RALPH T., 
Massillon, Ohio. 
Hiep, Wo. G., 
Massillon, Ohio. 


Hircuins, E. S., 
Olive Hill, Ky. 
HOURSOURIPE, JUAN, 
Columbus, Ohio. 

Hu, W. 5., 
Jackson, Miss. 


Humpurey, DwicutT)}ELMER, 
Cleveland, Ohio. 


Proprietor and Manager, Fords Terra 
Cotta & S. Works. 

Superintendent, Tiffany Enameled 
Brick Company. 


‘Cobb Brick Company. 


General Manager, Harker Pottery 


Company. 
Chief Engineer, Niagara Falls Hy- 
draulic Power Company. 


New York Manager, Fiske & Com- 
pany, Incorporated. 


President, John W. Hasburg Com- 
pany, Incorporated. 


President, The Roessler & Hasslacher 
Chemical Company. 


Hartford Faience Company. 


Haviland & Company. 


Managing Partner, D. F. Haynes & 
Son. 


Student, Rutgers Scientific College. 


Superintendent, Pyrometric Cone Fac- 
tory. 


Herold Pottery & China Company. 


Manager, Electric Furnace Plant, Nor- 
ton Company. 

Superintendent, McLain Fire Brick 
Company. 


Secretary and General Manager, Mas- 


sillon Stone and Fire Brick Com- 
pany. 

President, Olive Hill Fire Brick Com- 
pany. 

Student, Ceramic Department, Ohio 
State University. 


Architect. 


Deckman-Duty Brick Company. 
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Huott, EDMOND J., 
395 Fourth Ave., 
New York City. 
HursH, RALPH KENT, 
40th and Butler Sts., 
Pittsburg, Pa. 
IRWIN, DEWITT? D., 
East Liverpool, Ohio. 
JACQUART, BERNARD, 
South River, N. J. 
JEPPSON, GEORGE N., 
286 W. Boyleston St., 
Worcester, Mass. 
JONES, GEORGE EDWARD, 
114 College Ave., 
New Brunswick, N. J. 
JUNGE, WILLIAM H., 
Glenview, Ill. 
JUSTICE, ITHAMAR M., 
Dayton, Ohio. 
KANENGEISER, FRED R., 
Bessemer, Pa. 
KARZEN, SAMUEL CHARLES, CR.E., 
Dayton, Ky. 
KEELER, RUFUS B., 
Carnegie, via Tesla, 
California. 
KENDRICK, J. LUCIUS 5., 
Kerby Building, 
Saginaw, Mich. 
Kerr, CHAS. HENRY, CRr.E., 
Creighton, Pa. 
KocuH, CHARLES FREDERICK, 
2407 Highland Ave., Mt. Auburn, 
Cincinnati, Ohio. 
Kocu, JuLius J., 
3325 Caroline St., 
St. Louis, Mo. 
Kocu, WILLIAM H., 
Wheeling Ave., 
Zanesville, Ohio. 


Krick, Gro. M., 


Decatur, Ind. 


KUMMER, GEORGE W., 
411 Lowman Building, 
Seattle, Wash. 


LAMBIE, JAMES M., B.S., 
Washington, Pa. 


LANDERS, WILLIAM FRANKLIN, 
Indianapolis, Ind. 


Vice-President, Huott Publishing Com- 
pany. 


Junior Ceramic Chemist, Bureau of 
Standards. 


Secretary, Potters Supply Company. 


Superintendent, American Encaustic 
Brick & Tile Company. 

Assistant Superintendent, 
Company. 


Norton 


Student, Rutgers Scientific College. 


Northwestern Terra Cotta Company. 


Vice-President, Manufacturers’ Equip- 
ment Company. 

General Superintendent, 
Limestone Company. 


Bessemer 


Carnegie Brick & Pottery Company. 


Research Ceramic Chemist, Pitts- 
burgh Plate Glass Company. 
Cambridge Tile Manufacturing Com- 


pany. 


Superintendent Art Pottery. 


General Manager, Krick, Tyndall & 
Company. 

Special Representative Denny-Renton 
Clay & Coal Company. 


Vice-President and Assistant General 
Manager, Findlay Clay Pot Com- 
pany. 

Superintendent, U. S. Encaustic Tile 
Works. ree 
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LANDRUM, RoBert D., B.S., M.S., 


Canandaigua, N. Y. 
LANSING, CHARLES W., 
45 Plymouth Court, 
Chicago, Ill. 
La SHELL, Lewis L., Pu.B., B.S., 
210 Waverly St., : 
Warren, Ohio. 
LAWSHE, C. PERRIN, 
Trenton, N. J. 
JayMan, F. E., E.M. (in Cer.) 
The Aberdeen, Milwaukee, Wis. 
LEwIs, EDwIN J., 
Chittenango, N. Y. 
LINDLEY, JACOB, 
Tiltonville, Ohio. 
LINDOP, JOHN, 
Cameron, W. Va. 
Linpsay, ROBERT D., 
Denver, Colorado. 
Dries, Cart: -B.0.,/Ps,D. 
99 Hart St., 
_ Brooklyn, N. Y. 
LLoyp, HARRY, 
New Salisbury, Ohio. 
LocKkE, FREDERICK M., 
Victor, N. Y. 
LocKE, MorTON FIELD, 
Lima. NY. 
LouTHAN, Wm. B., 
East Liverpool, Ohio. 
Lowry, W. H., 
Derry, Pa. 
Lucas Hey., 
401 Vernon Ave., 
Long Island City, N. Y. 
McBEAN, ATHOLL, 
311 Crocker Building, 
San Francisco, Cal. 
McCuaVvE, J. M., 
Akron, Ohio. 
McExroy, Roy HarDEN, CR.E., 
1930 N. Main St., 
Dayton £Ohio. 
MACFARLANE, WARREN C., M.E., 
Gallatin, Pa. 
McINTYRE, JOHN P., 
McKeesport, Pa. 
MACKENZIE, WILLIAM G., 
Wilmington, Del. 


Chemical Engineer, Liske Manufactur- 
ing Company, Limited. 
Editor “Brick.” 


Chemist, Day Ward Company. 


General Manager, Trent Tile Company. 


Chemist, Cuttler-Hammer Company. 


Riverside Potteries Company. 
Superintendent, Eljer Company. 


Superintendent, Denver Pressed Brick 
Company. 
Chemical Research Work. 


Superintendent, Colonial Clay & Coal 
Company. 
Manufacturer Porcelain Insulators. 


Manufacturer Porcelain Insulators. 
Manager, Louthan Supply Company. 


Superintendent, Pittsburgh High 
Voltage Insulator Company. 


Vice-President, N. Y. Architectural 
Terra Cotta Company. 


Secretary, Gladding, McBean & Com- 
pany. 


District Superintendent, American 
Sewer Pipe Company. 
Ceramic Engineer, C. W. Raymond 


Company. 
Engineer, Tempest Brick Company. 
Proprietor, McKeesport Brick Works. 


Manager, Golding Sons 
Wilmington, Delaware 
ment. 


Company, 
Depart- 
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MACMICHAEL, PAUL S., 
P. O. Box 777, Seattle, Wash. 
McNIcoL, JOHN A., 
East Liverpool, Ohio. 
MADDISON, ERNEST A., 
2932 Howard St., 
San Francisco, Cal. 
Mappock, A. M., JR., 
Trenton, N. J. 
MADDOCK, JOHN, 
Trenton, N. J. 
Mam, ARTHUR 7T., CR.E., 
18 Orme St., 
Worcester, Mass. 
MALTBY, ALFRED, 
Corning, N. Y. 
MANDLE, I., 
Wright Building, 
St. Louis, Mo. 
MANDLE, SIDNEY, 
Wright Building, 
St. Louis, Mo. 
MANDLER, CuHas. J., B.L., LL.B., 
2104 Franklin Ave., 2 
Toledo, Ohio. 
Manor, JNO. M., 
East Liverpool, Ohio. 
MASON, FORTUNATUS Q.., 
East Liverpool, Ohio. 
Mayor, ROBERT, 
Trenton, N. J. 
Mean, G. A., B.S. (in E.E.) 
Barberton, Ohio. 
MEAKIN, ROBERT J., 
East Liverpool, Ohio. 
MELLOR, F. G., 
Trenton, N. J. 
MErRY, CARL E., 
Des Moines, Ia. 
METZNER, OTTO, 
Cincinnati, Ohio. 
MEYER, JOSEPH CASPER; 
Baltimore, Md. 
MIDDLETON, JEFFERSON, 
3412 13th St., . 
Washington, D. C. 
MILES, JAMES, 
1072 Penn Ave., East End, 





East: Liverpool, Ohio. 


MILLIGAN, FRANK W., 
New Cumberland, W. Va. 


President, Northern Clay Company. 


‘Treasurer, D.) i “MeNicol ,- Pottery 
Company. 

With Steiger Terra Cotta and Pottery 
Works, South San Francisco. 
Vice-President, Thomas Maddock’s 
Sons Company. 
John Maddock & Sons. 


Ceramic Engineer, Norton Company. 


- Superintendent, Corning Brick, Terra 


Cotta & Tile Company. 


Secretary and _ Treasurer, 
Sant Clay Company. 


Mandle- 


Assistant Treasurer, The Mandle-Sant 
Clay Company. 


President, Allen Filter Company. 


Manager, The Golding Sons Company. 
Color Manufacturer. 


Foreman, Monument Pottery Com- 
pany. 


Manager, Ohio Insulator Company. 
Manager, Hall China Company. 


General Manager, Cook Pottery Com- 
pany. 
Iowa Pipe and Tile Co. 


Superintendent, of Manufacture, Rook- 
wood Pottery Company. 


Superintendent, Milling Department, 
Spar Products Company. 


Statistician, U. S. Geological Survey. 


President and General Manager, United 
States Electric Porcelain Com- 


pany. 
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MILLS, JAMES W., B.S., 
2201 Sts 
Granite City, Il. 
MINNEMAN, JOHANNES, CR.E., 
Barberton, Ohio. 
MONTGOMERY, Ear T., CRr.E., 
707 ‘So. 6th St., 
Champaign, Iil. 
Moore, HERBERT W., 
Tottenville, S. I., N. Y. 
MoorSHEAD, THOMAS COURTNEY, 
Alton, Ill. 
Morey, D. F., 
Ottumwa, Iowa. 
Morris, GEORGE D., Cr.E., 
DUAL AD NS tenia le itn 
Barberton, Ohio. 
Morris, Wo. C., 
St. Louis, Mo. 
Morrison, A. W., 
1610 Belvue Ave., 
Seattle, Wash. 
MOSES, JAMES, 
Trenton, N. J. 
Mou.Ton, D. A., 
Bloomingdale, Ind. 
MULHERON, ANDREW J., 
Trenton, N. J. 
MuNnsHAw, LAMBERT M.., 
North Crystal Lake, Ill. 
MYERS, RALPH E.., 
31 Franklin Ave., 
East Orange, N. J. 
OAKDEN, WILLIAM EDWARD, 
Southbridge, Mass. 
OGAN, MARK, 
Clayton, Wash. 


OGDEN, LESTER, CR.E., 
106, Price -St., 
Columbus, Ohio 
OUDIN, CHARLES P., 
1323 3rd Ave., 
Spokane, Wash. 
OVERBECK, ELIZABETH.G., 
Cambridge City, Ind. 
PATTERSON, J. W., 
Anderson Ave., 
Wellsville, Ohio. 
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RULES OF THE SOCIETY. 


i 
OBJECTS. 


The objects of the American Ceramic Society are to promote the arts and 
sciences connected with ceramics by means of meetings for the reading and 
discussion of professional papers, the publication of professional literature, 
and for social intercourse. 


II, 
MEMBERSHIP. 


The Society shall consist of Honorary Members, Active Members, Asso- 
ciate Members and Contributing Members. 

Honorary Members must be persons of acknowledged professional 
eminence, whom the Society wishes to honor in recognition of their achieve- 
ments in ceramic science or art. Their number shall at no time exceed 
two per cent. of the combined active and associate membership. 

Active Members must be persons competent to fill responsible positions 
in ceramics. Only Associate Members shall be eligible to election as Active 
Members, and such election shall occur only in recognition of attainments 
in the field of ceramics, and interest in the Society, as evidenced by papers 
or discussions contributed to its meetings. 

Associate Members must be persons interested in ceramics or allied arts. 

Contributing Members must be persons, firms, or corporations who being 
interested in the Society make such financial contributions for its support 
as are prescribed in Section 3. 

Honorary Members shall be nominated for election by at least five active 
members, and approved by the Board of Trustees. Their nomination shall 
be placed before the Society at an annual meeting, and to be elected they 
must receive the affirmative vote of at least 90 per cent. of those voting, by 
letter ballot, at the next succeeding annual meeting. 

To be promoted to active membership, Associate Members must be nomi- 
nated in writing by an Active Member, and must be seconded by not less than 
two other Active Members, and must be approved by the Board of Trustees. 
Their nomination shall be accompanied by a statement of their professional 
qualifications and a list of their publications, if any. Their nominations, 
when approved by the Board of Trustees, shall be placed before the Society 
at an annual meeting, and to be elected they must receive the affirmative 
vote of not less than 75 per cent. of those voting, by letter ballot, at the next 
succeeding annual meeting. 

A candidate for Associate Membership must make application upon a 
form, prepared by the Board of Trustees, which shall contain a written 
statement of the age and professional experience of the candidate, and a 
pledge to conform to the laws, rules and requirements of the Society. Such 
applications must be endorsed by two Active Members of the Society as 
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sponsors, and must be approved by the Board of Trustees. The Board may 
act by letter ballot upon such application at any time, after which an ap- 
proved candidate may be enrolled on the proper list of the Society upon 
payment of the fees and dues prescribed in Section 3. 

Contributing Members shall be nominated by an Active Member, da ap- 
proved by the Board of Trustees, and may be enrolled on the proper list of 
the Society at any time upon payment of the dues prescribed in Section 3. 

All Honorary Members, Active Members, Associate Members, and Con- 
tributing Members, shall be equally entitled to the privileges of membership, 
except that only Active Members shall be entitled to vote and hold office. 
The roster of each grade of membership shall be printed separately, in at 
least one publication issued by the Society annually. Any person may be 
expelled from any grade of the membership of the Society if charges signed 
by five or more active members are filed against him, and a majority of the 
Board of Trustees examines into said charges and sustains them. Such 
person, however, shall first be notified of the charges against him, and be 
given a reasonable time to appear before the Board of Trustees, or present 
a written defense, before final action is taken by the Board of Trustees. 


Il. 
DUES. 


Honorary Members shall be exempt from all fees or dues. 

The initiation fee of Active Members shall be ten dollars, and if not paid 
within three months after the date of their election, the latter shall be null 
and void. The annual dues for Active Members shall be fixed by the Board 
of Trustees, and shall not exceed ten dollars. 

The initiation fee of Associate Members shall be five dollars, and their 
annual dues shall be fixed by the Board of Trustees, but shall not exceed five 
dollars. The privileges of Associate Membership after election shall begin 
upon payment of the initiation fees, and dues for the first year. 

Contributing Members shall pay no initiation fee into the Society. Their 
annual dues shall be fixed by the Board of Trustees, but shall not exceed 
twenty-five dollars. The privileges of membership shall begin upon pay- 
ment of the annual dues. 

Any Active Member or Associate Member in arrears for over one year 
may be suspended from membership by the Board of Trustees, until such 
arrears are paid, and in event of continued dereliction, may be dropped from 
the rolls. Active Members in arrears are not eligible to vote. The annual 
dues of Active and Associate Members are payable within three months suc- 
ceeding date of annual meeting. 


TV’ 
OFFICERS. 


The affairs of the Society shall be managed by a Board of Trustees, 
consisting of a President, Vice-President, Secretary, Treasurer, and three 
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Trustees, who shall be elected from the Active Members at the annual meet- 
ing, and hold office until their successors are elected and installed. 

The President, Vice-President, Secretary and Treasurer shall be elected 
for one year, and the Trustees for three years; and no President, Vice-Presi- 
dent, or Trustee shall be eligible for immediate re-election to the same office. 

The duties of all officers shall be such as usually pertain to their offices, 
or may be delegated to them by the Board of Trustees or the Society; and the 
Board of Trustees may at its discretion require bonds to be furnished by the 
Treasurer. 

Vacancies in any office shall be filled by appointment by the Board of 
Trustees, but the new incumbent shall not thereby be rendered ineligible to 
re-election at the next annual meeting to the same office. On the failure 
of any officer to execute his duties within a reasonable time, the Board of 
Trustees, after duly warning such officer, may declare the office vacant, and 
appoint a new incumbent. 

A majority of the Board of Trustees shall constitute a quorum; but 
the Board of Trustees shall be permitted to carry on such business as it may 
desire by letter. 


V. 
ELECTIONS. 


At the annual meeting, a Nominating Committee of five Active Mem- 
bers, not officers of the Society, shall be appointed, and this committee shall 
send the names of the nominees to the Secretary at least sixty days before 
the annual meeting who shall immediately forward the same to the Active 
Members. Any other five Active Members may act asa self-constituted 
Nominating Committee, and also present the names of any nominees to the 
Secretary, provided it is done at least thirty days before the annual meeting. 
The names of all nominees, provided their assent has been obtained, shall be 
placed on the ballot without distinction as to nomination by the regular or 
self-constituted Nominating Committee, and shall be mailed to every member, 
not in arrears, at least twenty days before the annual meeting. The ballot 
shall be enclosed in an inner blank envelope, and the outer envelope shall be 
endorsed by the voter, and mailed to the Secretary. The blank envelopes 
shall be opened by three scrutineers appointed by the President, who will 
report the result of the election at the last session of the annual meeting. 
A plurality of votes cast shall elect. 


NI. : 
MEETINGS. 
The annual meeting shall take place on the first Monday in February, 
or as soon thereafter as can be conveniently arranged, at such place as the 


Board of Trustees may decide, at which time a report shall be made by the 
Board of Trustees, Treasurer and scrutineers of election, and the accounts 
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of the Treasurer shall be audited by a committee of three, appointed by the 
President. Ten Active Members shall constitute a quorum at any regular 
meeting, and a majority shall rule unless otherwise specified. 

The order of business at the annual meeting shall be: 

1. President’s address. 

Reading of minutes of last meeting. 
Reports of the Board of Trustees and Treasurer. 
Appointment of committees. 
Old business. 
New business. 
Reading of papers. | 
Announcement of election of officers, Honorary and Active Mem- 
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bers. 
9g. Installation of officers and new members. 

10. Adjournment. 

Other meetings may be held at such time and places during the year as 
the Board of Trustees may decide, but at least twenty days’ notice shall be 
given of any meeting. 

The President shall appoint at the annual meeting a committee of five, 
to be known as the Summer Meeting Committee, whose duty it shall be to 
arrange for a summer excursion meeting at some suitable point. The ex- 
penses of the Summer Meeting Committee in arranging the program of visits, 
and for printing, rooms and facilities for meetings, shall be borne by the 
Society. 

VII. 


PUBLICATIONS. 


The Board of Trustees shall employ, at suitable compensation, an Active 
Member of the Society as Editor of its publications. The Editor, together 
with the Secretary and Treasurer, shall constitute a Publication Committee. 
The Publication Committee shall provide for the publication of an annual 
volume entitled ‘‘Transactions of the American Ceramic Society.” This 
volume shall contain a list of the officers, a list of the members of the Society, 
classified into grades, a list of the ex-Presidents, the dates and location of 
meetings, the annual report of the Board of Trustees and Treasurer, the 
list of prices of the publications of the Society, the rules of the Society, and 
any other matter pertaining to the business administration of the Society 
that the Publication Committee may think proper. It shall also contain 
such of the papers and discussions thereon as the Publication Committee 
may consider desirable, and each volume shall contain a list of the papers 
and discussions and an index. The volume shall be six inches wide by nine 
inches long, and part of the issue shall be bound in paper covers and part in 
cloth binding. The quality of the paper, the kind of type, the illustrations, 
and all other mechanical details of the printing and publishing of the books 
of reprints shall be in the hands of the Publication Committee, subject to 
the control cf the Board of Trustees. 
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The acts and policies of the Publication Committee shall at all times be 
subject to the examination and approval of the Board of Trustees, but the 
Board shall be bound by contracts entered into by the Publication Com- 
mittee in the name of the Society. The Publication Committee shall have: 
full power and authority to decide what papers and discussions to publish, 
which discussions shall be germane to the subject matter, and in what order 
they shall be published, and in what manner and to what extent they shall be 
illustrated. In event that the Board of Trustees shall undertake the pub- 
lication of some other matter or book than the Transactions, the Publication 
Committee shall act in the same capacity for that publication as in the pub- 
lication of the annual volume of the Transactions. 


One copy of the paper-bound edition of the Transactions shall be sent 
prepaid to each member of the Society not in arrears. Members desiring 
cloth-bound copies will be furnished them in place of the paper-bound copy 
at an increased cost for the binding. No member shall be furnished more 
than one copy of the Transactions free for any single year. Members cannot 
purchase extra copies of the Transactions at less than the current com- 
mercial rates. A member shall be permitted to purchase one complete file 
of the publications of the Society at less than the current commercial rate, 
the amount to be fixed by the Publication Committee and called the Mem- 
ber’s rate. 


The Secretary shall have the custody of all publications of the Society, 
shall keep them safely stored and insured, and shall sell these volumes to the 
public at prices which shall be fixed by the Publication Committee for each 
new volume as issued. The Publication Committee shall also, from time to 
time, fix the price of the old volumes remaining unsold, and shall have authority 
to refuse to sell the old volumes of the Transactions except in sets, at such 
time as the quantity remaining of any number becomes so small, as in their 
judgment to warrant such action. 


The Editor shall request the author of each article appearing in the 
Transactions of the Society to fill out and sign, within a definite time limit, 
a blank form, specifying the number of reprints of said article, if any, which 
he desires. This form shall contain a table from which can be computed 
the approximate cost at which any reprints will be furnished. In event 
that the expense of furnishing the desired number of reprints is large, the 
Publication Committee may require the author to pay in advance for part 
or all of the cost involved before the publication of the reprints is begun. 
On receipt of such signed order within the time limit set, the Editor shall 
cause to have printed the desired number of copies. If the author makes no 
reply, or replies after the time limit has expired, then the Society will not be 
responsible for the publication of any reprints of the article in question, 
except at the usual market price for the printing of new matter. 


No one shall have the right to demand the publication of an article 
independent of the discussion which accompanied it, and no one having 
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taken part in a discussion upon an article shall be entitled to order reprints 
of the discussion separately and apart from the article itself. 

The Society is not, as a body, responsible for the statements of facts or 
opinions expressed by individuals in its publications. 


Vill. 
PARLIAMENTARY STANDARD. 


Roberts “Rules of Order’ shall be the parliamentary standard on all 
points not covered by these rules. 


IX. 
AMENDMENTS. 


To amend these rules, the amendment must be presented, in writing, at 
the annual meeting of the Society, and must be printed on the ballot for 
officers and sent out not less than twenty days in advance of the next annual 
meeting, and if the said letter ballot shows an affirmative vote of not less 
than two-thirds of the total vote cast, then the same shall be declared carried. 


PUBLICATIONS. 


The following is a list of the volumes published by the Society and the 
prices at which they are for sale to the general public: 








Bound in Bound in 

Description of volume. paper. cloth: 
Vol. I. LGQO; a. LIOWPA GES aust . <a. $ 4 00 $475 
Vol. Ti. TQOO) Sa 27 ou Dae eSmeyentites setae 3 e 4 00 4 75 
Vol.1ALl. LOOdamen2 Amal e OS coca tae toe Se ttig 5.8 4 00 Aan 
Vol. IV. LOOR we GOO PA Cesta | wo klar. 4 00 2s 
Vol. V. LOGS pat 2OpPACeSs ort ks ane Ses 5 00 BLAS 
Vol. VI. EQOA Vine? 7 Ot pases ts. cin cw aaiala ee 4 OO 475 
NOP NVEEL SernlOOS) 452454 PAeSs.c'd fo lO alan,» 4 OO 4 75 
Wale ELI = crqoG A It pages te. es fein te. 4 00 4 75 
Wola Lx LOG COS Paces hai tien ao ueh ee 5 00 5 75 
Vol. X. DOHOS E582 Mages uturs ..., newer fe 5 00 575 
Vol. XI. BOM RLOS ZA SCS aie meat airs tia Sor nd S50 6 25 
WON Di aie 1O LO.P TOGO, PA eeSs saat ai. b oa ein oh 5 50 6 25 
ie Ee TORI re PAS CS es a tee sont yc 5 50 6 25 

MOMIDIGL CL Ceune rere: Se. at ae wan a tene ene $59 50 $69 25 


The Board of Trustees established in the beginning a differential be- 
tween members of the Society and others, in the matter of prices to be paid 
for copies of the Proceedings. This differential has been changed from 
time to time as volumes have grown scarcer and sales increased. The present 
arrangement, which will stand until March 1, 1912, allows a straight discount 
of 40 per cent. to members in good standing. Members in arrears are not 
furnished copies of the volume for the current year, nor allowed the discount 
for the older publications. Members are also not permitted to purchase 
more than one full set of the publicationsat members’ rates. The care and 
sale of the Publications has been transferred to the Publication Board, which 
reserves the right to change the discount from time to time on any one volume 
or on all, as may be necessary. 

The number of copies of the earlier volumes is not large, and members 
are advised to procure full sets as soon as possible. The prices will never be 
less and will certainly raise as time goes on. 

In addition to the above volumes of the Transactions, the Society has 
- also published the following books, which will be sold net at the prices listed 
to the public and members alike: eB 

The Collected Writings of Dr. Hermann August Seger, Volume 

I. Contains (a) Treatises of a General Scientific Nature. 
(b) Essays Relating to Brick and Terra Cotta, Earthenware 
and Stoneware, and Refractory Wares. Pages, 552. 
SOIREE IS Tei dn” Shs Mean AN ie eed ena eae ae eRe PI ae $7 50 
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The Collected Writings of Dr. Hermann August Seger, Volume 
II. (b) Essays on White Ware and Porcelain. (c) Travels, 
Letters and Polemics. (d) Uncompleted Works and Ex- 
tracts from the Archives of the Royal Porcelain Factory. 
Pages, 605," Bound in clothe 8 ene ees es 2 7250 
A Biography of Clays and the Ceramic Arts, by Dr. John C. 
Branner, 1906, 451 pages. Boundincloth. Contains 6027 
titles of works on Ceramic subjects 07). 77...) 0... $ 2-00 
The above publications will be shipped at the consignee’s expense, by 
express, to any address on receipt of the price. All checks or money orders 
should be made payable to The American Ceramic Society, and not te the 


Secretary or the Treasurer. 
EDWARD ORTON, JR., 


Columbus, Ohio. ees Secretary. 


ANNUAL REPORT OF THE BOARD OF TRUSTEES. 


To the Members and Associates of the American Ceramic Society: 

The Society has closed its twelfth year of active and successful work 
and is about to assemble for its thirteenth Convention. The following 
statements reflect its condition in all important respects as fully as possible. 


VOLUME TWELVE. 


This volume is our largest and most important to date. It contains 
880 pages, and in spite of the fact that the paper used is dense and solid, and 
not heavier than need be, the book is larger than any of the volumes in which 
soft thick paper was used, excepting Volume IX. The limit of thickness 
and weight for convenient reading and shipping has been practically reached, 
and to avoid enlargement, more care and condensation in editing will prob- 
ably be used hereafter. 


FINANCIAL STATEMENT. 


The financial statement of the Society is as follows: 














Income. 
brought forward Irom preceding year osc. see bie oe brs 393586 
From Dues and Initiation Fees : 
306 Associate dues for 1910 @ $4.00.......... $1, 224.00 
10 Associate dues for 1909 @. 4.00.......... 40.00 
teassociate dues for. 1900:@...2.00 00 ae sas 2.00 
4 Associate dues for 1911 @. 4.00.......... 16.00 
58 Associate initiation fees 1910 @ 5.00..... 290.00 
3 Associate initiation fees 1911 @ 5.00..... 15.00 
1 Associate initiation fees 1909 @. 5.00..... 5.00 
52 Full Members dues for 1910 @ $5.00...... 260.00 
1 Full Members dues for 1909 @ 5.00...... 5.00 
2 Associates overpaid.i 0... 05...2°. $4.00 8.00 
Hebulli Mem; Overpaid: tice. coe b, 1 95 x00 5.00 
3 Associates overpaid..... Ply ems 0.50 1.50 
Foreign:exchange. i. o. o sxe 0.35 I, 871.85 
POOR@E MCI Se RNs vert se ier co uhe ae ay. bay lie 203.35 
From sale of Publications: 
NORE MI yace ona cee ie ah cao iene wane wei Sats 16 
DY OMUUEICUA Lr pe bath ochcenecter anette thins lax eatary: ae \ 25 
Py berte LPL egies i nc estate tt tiiaibae She’ tf sau Bie 14 
NEOUCIIRCO EV rte et is kip ha pele ead idlielce ers = 13 


My COMURISCAN oat recited ae Panes es cies aac; yA. 
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PUBLICATIONS. 
The annual inventory of the publications is as follows: 
ee ee et ee 
Be'o 4 ate ¥ g S me 
pelo Vee te ae a ie 
Ries) : = g” & os Pah 
eae 3 oes S bo a 
ga gio ja Bos ve ans 
4 x a = = 
Woliies Lieve tee aatane 207 shies 17 190 190 
Volume A Tae. te iic hacen 192 ee: 26 166 166 
Volpe tl ee tae 202 oe 14 188 188 
Volume Veet ose 12 hae 13 159 159 
VOU GEV ocr osnen Sees 142 ae 14 128 128 
VotamelV Pine vise f od. 17 Late 15 158 158 
VolumeVEL 7 = Ace 173 a 17, 156 156 
Volume: VIM trices 164 ras 15 149 149 
Volume DX es cee 137 tae 24 £13 ip ees 
V eltme Do Peas ar ee G7 eFshane 22 145 144-1 
Volume Xlacte ws Ware 205 | aoe 40 165 165 
Volume Sth its | Bf | 599 A32 167 167 
Branner: Bibs e049 | B30 Lachy cs saps ee 826 | 825-1 
(Lotais va tpietiarcis’ | De oes | 599 662 2,720 | 2,708 


Shortage, unaccounted for —2. 


The change in the status of the publications is very similar to what it 
has been heretofore. There is a small shrinkage in the total quantity of 
literature on hand; that is, the volumes brought in from the new edition of 
Volume XII have not quite replaced those by loss from sales of the various 
other volumes during the year. The quantity of volumes remaining in 
stock of the older issue is now well below 200, and in some instances pretty 
close to 100 copies. The price for these volumes have been increased during 
the last year, so that the difference between the members’ rate and the rate to 
libraries and book-dealers and the rate to other casual purchasers is becoming 
less different than in former years. There still remains a considerable ad- 
vantage to the members in purchasing our literature. Prices being figured 
on the basis of 100 per cent. for the casual purchaser, libraries and book- 
dealers can buy at about 80 per cent., and members at 65-70 per cent. This 
is sufficient to make it well worth while for those who are interested in our 
literature to take out associate membership, and pay their dues and fees 
in order to get the concession in price of the literature itself. Until the 
number of copies of the old volumes becomes reduced below 50, it would 
seem advisable to maintain the present situation. There will come a time, 
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however, when the sale of the older volumes should be prohibited except in 
complete sets, and even then at a somewhat advanced rate. 

The books are preserved and insured as in former years, and the total 
valuation of them at former rates is slightly above $6,000. 


GROWTH IN MEMBERSHIP. 


The year has been a good one. Our rolls stand as follows: 


Brought forward from February 1, 1910: 























Honoraryvlembersic) esses) do Si ce bee 2 2 
Full Members, resident...... nerve ck alh d hi 
FullsMetnbers; foretoni ts iyipct ice ed Ps. 3 54 
Associate Members, resident.......... OT 
Associate Members; foreign 40 sss s-uns 33 284 
PPOCANSL INR: PAAR GT Lae Ad eh, Paton. owes 340 ; 
Accesstons during the year: 
By election to full membership........ O 
By election to full membership, foreign. oO 
By-election to associate: 05.5. 08s. Ve. 44 
By election to associate, foreign........ 3 
Elected at 1911 meeting as of the year 1910 ‘10 57 
Losses during the year: 
By resignation, associates.) aie es ke 3 
By not knowing present address........... 2 
By dear. Ae Maddock sion. 0 Oa Sm ewer 2 16 
Brought forward February 1, 191r: 
HIOUGEATY CIEDCLe. victiurre fs file Se nino s ces 2 2 
Pull Menibers ‘resident... ... ...2. eee. 51 
Full Members, foreign ........ estoy. a 54 
mssociate Members, resident. . 2. os. 292 
Associate Members, foreign. 0... 2... ag 325 
opalescent a ee es | 381 


The condition of our membership is seen to be excellent. The number 
of full members has not increased, owing to the postponement of the election 
until this meeting. It is probable that a very considerable increase in full 
membership will result from this election, and thus the apparent lack of 
change in this particular will be eliminated. Further, the constitutional 
changes which are proposed in reference to the mode of election of full mem- 
bers may possibly result in some change in this direction. 

A card catalog has been prepared during the last year containing—F rst, 
a complete roster of the Society, edited from day to day according to the 
changes of address. 

Second, and analysis of the volumes of the Transactions published, 
showing the title of each article and its page number. The total number of 
articles thus far published is 346. 
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Third, an author’s index showing the productions of each member of 
the Society who has yielded anything to our program. A subject index 
arranged in the same general manner is now in process of construction. The 
indices are all unquestionably valuable in the administration of the Society’s 
affairs, and for the use of the Board of Trustees in Council meetings. 


BUREAU OF MINES. 


The political work done by the American Ceramic Society for some 
years past in behalf of the creation of a federal bureau of mines has at last 
borne fruit. Congress passed the necessary legislation for this bureau at its 
session closing June 25, 1910. The appropriation given to the new bureau 
was a somewhat liberal one, and has enabled it to take up its duties with 
vigor and zest. A disagreement, however, arose in the course of the legisla- 
tion resulting in the partition of the work formerly carried on by the Tech- 
nologic branch of the United States Geological Survey, by which the testing 
of structural materials was transferred to the supervision of the Bureau of 
Standards, instead of the Bureau of Mines. 

Under this legislation the Bureau of Standards has taken charge of the 
clay products laboratory created by the Technologic Branch of the U. S. 
Geological Survey at Pittsburg, while the balance of the plant has passed 
into the control of the Bureau of Mines. 

The interest of the Ceramic Society in this matter is purely that of 
getting the research work on ceramic problems carried through, and it is, of 
course, immaterial to it as an organization which branch of the federal service 
shall be intrusted with the execution of this work. The high quality of the 
research work done by the Bureau of Standards in other fields and the retention 
by the Bureau of the ceramic investigators which this Society was largely in- 
fluential in bringing together in the earlier organization at Pittsburg, seem an 
excellent guarantee that the interests of this Society in the matter will be 
conserved. At the same time it is not improbable that the Bureau of Mines 
will be able to take up in due time the investigation of problems relating to 
the occurrence and winning of clays and the preparation of the clays for the 
market as raw materials, which will scarcely fall under the terms of the act 
relating to structural materials. It is therefore possible that this division 
of the field may result finally in an increase of the work in which the Ceramic 
Society is interested. 

The continued interest of the members of the American® Ceramic Society 
in both of these government bureaus and our sympathetic and effective 
cooperation with both of them in making them acquainted with our prob- 
lems and needs is as necessary as at any time in the past. 


SUMMER MEETING. 


The summer meeting at Akron, Ohio, passed off successfully. The 
committee prepared an elaborate itinerary and the number attending the 
meeting, though not large, was sufficient to insure a profitable and enjoyable 
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time. The general plan of definitely deciding on a place for a summer meet- 
ing and appointing a committee in advance has thus proven of value. 


REVISION OF RULES. 


The revision of the rules by the committee appointed for that purpose 
has been carried through, and the text of the proposed revision has been 
placed before the members in circular form, and action upon the same will be 
expected at this meeting. The proposed changes are mostly designed to 
incorporate into our rules provisions for the same procedure we have had in 
the past, for the Society has been following a closely uniform procedure for 
some years past, without carrying this procedure into its Constitution. The 
most important changes are those relating to the Publication Committee, the 
creation of a contributing membership, and provisions for the increase of dues. 


THE MEETING PLACE. 


For the first time, the Society has met at a point separate from the 
annual meeting of the National Brick Manufacturers’ Association. During 
the week just closed the latter organization has held a very successful and 
enjoyable convention at Louisville, Ky. The present occasion is the best 
evidence that the American Ceramic Society will hold an equally profitable 
and prosperous meeting here at Trenton. It cannot be gainsaid, however, 
that there are members of both organizations who are reluctantly compelled 
to choose between them by reason of the present arrangements, and in general 
the best interests of both will be met by selecting a joint meeting place. 
It is also possible that the needs of the two organizations will occasionally 
require that they select different points, as the size of the attendance will 
make it impossible for the larger organization to go to many places that are 
of great interest to the American Ceramic Society and vice versa. 

It is the earnest hope of the Board of Trustees that it will be possible to 
schedule a joint meeting with the N. B. M. A., for the ensuing year, 1912, 
and that meetings at different points shall not occur oftener than in alternate 
years, if that often. 

In this connection the question of the date of meeting is to be seriously 
considered. A considerable proportion of our membership is attached to the 
various ceramic schools, and these members are necessarily somewhat bound 
by the school schedule. The fact that the close of the first semester and the 
opening of the second semester of nearly all the schools which maintain 
ceramic departments occurs in either the first or second week in February 
makes it a matter of very grave importance to this organization to secure 
some change in the meeting date. Postponement to the middle of February 
will in most cases probably avoid the critical weeks of the university year. 
It is hoped that the codperation of N. B. M. A. can be secured on the question 
of date as well as location. 

Very respectfully submitted, 
Board of Trustees, 
EDWARD ORTON, JR., 
Secretary. 


TREASURER’S REPORT. 


RECEIPTS. 


Balance fronmiast report. 4c. ee 
Total receipts per bank book and de- 





posit’slips attached oy ieee, ao $3, 485.90 
Tyese-check*to a mem bere. eee 5.00 
Less check entered twice......:....; g .00 14.00 

EXPENDITURES. 

Vouchers-attached jn 3 ihe oie a ae 3, 346.33 
Less voucher returned also attached. . 5.00 
Less check returned unpaid in hands of 

Séerebary2: iy Latent Gane ean ee 9.00 14.00 





Vouchers issued but not presented for payment: 


Hann, 2 AGait gst eat ees 35.26 
HdwardOrtong jive wees oe ee 5.00 
Winerican PexpresssC0er so. ee ea O13 


Bank palancer oot 7 one eee ee 





E.uis Lovejoy, Treasurer, 


Audited by STANLEY G. Burt, 
ERNEST E. MAYER, 
Ross C. Purpy. 
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IN MEMORIAM. 


HARRISON EVERETT ASHLEY. 


In the death of Harrison Everett Ashley the American Ceramic Society 
suffered a heavy loss. From the beginning of his work in the field of ceramics 
to the end, he was closely associated with our organization. He was at all 
times an enthusiastic supporter of its principles, and most loyal in its support. 
At the time of his death he was a member of the Board of Trustees, an office 
which he filled with zealous regard for the welfare of the Society. 

Harrison Everett Ashley was born at New Bedford, Mass., August 2, 
1876, the son of A. Davis and Caroline Morse Ashley. His early and sec- 
ondary education he obtained in the public and high schools of New Bedford, 
and his collegiate training at the Massachusetts Institute of Technology. 
From this institution he was graduated in 1900 with the degree of $.B. in 
Chemical Engineering. During his college course Ashley specialized in metal- 
lurgy and consequently took up the technology of foundry metal and steel 
after leaving the institution. He held several positions in steel plants and 
foundries but meanwhile became exceedingly interested in silicates with 
special reference to slags and clays. Upon consulting with Prof. Orton and 
attending the Zanesville summer meeting of the Society he entered the em- 
ploy of the Homer-Laughlin China Co., at East Liverpool, Ohio. He soon 
realized the advantage of securing special training along these lines and for 
this reason entered the Ohio State University in 1908 to take a special course 
of six months under Prof. Orton. Here his extraordinary research abilities 
were soon recognized and he was honored by the election to Sigma Xi, an 
honorary Society. 

Upon his return to East Liverpool he was placed in charge of the kiln 
work and, later, of all the raw materials. When the great pottery plant at 
Newell, W. Virginia, was completed, the Homer-Laughlin Co. transferred him 
to the latter place where he tested all the materials used and had charge of 
the purchasing department of this large concern. On July 3, 1906, he was 
married to Miss Eva Susan Greenamyer, of Leetonia, Ohio, a step resulting 
in a union ideal in its happiness. 

In 1908 Ashley received the appointment as assistant ceramic chemist 
with the Technologic Branch of the U. S. Geological Survey, and in r1g10, 
upon the transfer of the work to the Bureau of Standards, he was promoted 
to be associate chemist. In this field he was thoroughly happy and worked 
unceasingly. He was at once struck with the importance of colloidal chem- 
istry as applied to clays and proceeded to study the raw materials from this 
standpoint. He was successful in developing new lines of thought which he 
applied not only to clays but to lime hydrate, metallurgical slimes and other 
substances. 

Mr. Ashley was a liberal contributor to technical literature and he has 
written articles and papers upon the following subjects: ‘““The Study of 
Tellurium Alloys;”’ ‘“The Use of the Triaxial Diagram in the Study of 
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Slags;” “A Suggested Method of Studying the Gas Engine Cycle by 
Means of a Logarithmic Triaxial Diagram;’ ‘“The Production of Lustre 
Effects on Glass;’”’ ““The Effect of Various Lime Compounds upon a White 
Ware Body;” “The Diagrammatic Study of Glazes as Regards Their 
Crazing and Shivering Limits;’” “The Testing of Pottery Materials;’ “‘A 
Testing Method for Pottery Plaster; “The Colloidal Content of Clays;”’ 
“The Control of Colloids in Clay; “The Precipitation of Metallurgical 
Slimes;’? and a Number of other papers. About a week before his death he 
completed a large bulletin dealing with the subject of the control of colloids 
which will appear as a publication of the Bureau of Standards. 

Mr. Ashley underwent an operation for mastoid abscess several months 
after the Pittsburg meeting of the Society in 1910 and apparently was re- 
covering satisfactorily. At the Mid-West Convention in Chicago, January, 
1911, he appeared to be as well as usual but soon after his return was suddenly 
seized again by the treacherous disease which made necessary two operations. 
Meningitis developed and on February 4, 1911, Mr. Ashley departed from 
our midst. The funeral occurred on February 6th, at Pittsburg, and his 
body was taken to New Bedford. 

Harrison Everett Ashley is in need of no eulogy. His character ex- 
pressing itself constantly in purity of purpose, unselfishness and love of 
service, patience and kindness, he stands before us as a lofty example of man- 
hood. His devotion to truth was an inspiration to all who knew him. To 
know him was to love him. His companionship was a delight and his views 
on the broad question of life were those of a generous and hopeful heart and 
of a sincere Christian. 

Mr. Ashley is mourned by his widow, two young children, his parents 
and brothers. His death brought grief to his associates in the Pittsburg 
laboratories and to his friends of the American Ceramic Society. 

His memory both as the able scientist and as the good man and loyal 
friend will continue to live with us. 


ARCHIBALD MIDDLETON MADDOCK. 

It is with feelings of profound sorrow that the officers and members of 
this Society record the death of one of its most honored Associate Members, 
Mr. Archibald Middleton Maddock, who died at his home in Trenton, New 
Jersey, on Friday, March 25, rg1o, in the fifty-fourth year of his age. 

His life’s work was in the field of ceramics and the development of 
sanitary products, in which sphere he had gained not only eminent success 
but the admiration and respect of all who knew him. Being modest and 
unassuming, and always having a kind word and assisting hand, he had 
acquired a very large circle of friends and admirers. 

In addition to his work in ceramic lines, he was a member of the Board 
of Directors of the Mechanics National Bank, of the Trenton Savings Fund 
Society, and of the Trenton School of Industrial Arts, and was Vice-President 
of the Board of Managers of the McKinley Memorial Hospital. 

The American Ceramic Society desires to express to the family their 
sympathy in their loss, and to place upon record in a public way their ap- 
preciation of him as a ceramist and a man. 


PAPERS AND DISCUSSIONS. 





A REVIEW OF THE THEORIES OF THE ORIGIN OF WHITE 
RESIDUAL KAOLINS. 


By HEtnricH Rigs, Ithaca, N. Y. 


In selecting: a subject for.my presidential address, it 
seemed desirable to take up some problem in the geology 
of clays that had a practical as well as a scientific bearing. 
I will, therefore, review the theories of the origin of the 
white residual clays, usually called kaolins, and point 
out the arguments for and against each. 

For several centuries it has been known to geologists 
that the decomposition of feldspathic rocks, both igneous 
and metamorphic, has given rise to deposits of residual 
clays which, in many cases, are of white color. But, 
while the type of clay and character of the parent rock 
have long been recognized, there has been a wide differ- 
ence of opinion regarding the exact mode of origin of the 
residual material derived from these two classes of rocks.' 

The theories advanced to explain the formation of 
kaolin from. feldspathic rocks are: (a) simple weathering, 
(b) post-volcanic emanations, (c) ascending spring waters 
containing carbon dioxide, (d) waters draining from swamps 
or peat bogs, (e) sulphuric acid solutions, (f) by the altera- 
tion of sericite. 


KAOLINIZATION BY WEATHERING. 


The oldest and most widely accepted theory of the 
origin of kaolin assumes that it has been formed by the 
weathering of rocks, a view that was expressed as early 
as 1791 by Werner.’ 

According to this theory, the kaolin is supposed to 
have been formed from feldspathic rocks by the ordinary 
weathering processes, 7. e., mechanical disintegration due 
to temperature changes, frost, and other physical agents, 
accompanied or followed by the decomposition of some of 





1 [he occurrence of kaolin in limestones and sandstones is not here considered’ 
2 Neue Theorie der Entstehung der Erzgange, p. 130. 
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the mineral grains, such as the feldspar, eventually trans- 
forming the whole into a white powdery mass. ‘This pow- 
dery mass, known as kaolin, is made up wholly or in part 
of kaolinite or possibly some other hydrous aluminum 
silicate derived from the feldspar.' 

Decomposition of the Feldspar.—The chemical changes 
involved in the transformation of the feldspar are as fol- 
lows: | 
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The above indicates that orthoclase and albite lose 
two-thirds of the silica and all of the alkalies. Altogether, 
over half of the feldspathic constituents are lost in the 





1 For a more detailed statement see Ries, ‘‘Clay, Occurrence, Properties and Uses,’” 
1908. 
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decomposition, while anorthite loses only the lime. This 
proportional loss and gain may be expressed as follows: 


Sr erOcidse rie oL OW ie 4 IO KO) HO = LO, AL Hy, 
Albites) <1...) 201,0,AINa'—— 4siO,—— Na,O*'+- 2H,O = '$1,0,ALH,. 
Anorthite..’.. . °° Si;0,ALCa — CaO +°2H,0'= Si,0,ALH;. 


Decomposition of the Micas.—Muscovite appears to 
be but little affected, while biotite or other ferromagnesian 
silicates, if present, may decay more or less rapidly. 

Depth at which Weathering is Effective.— Decomposi- 
tion by weathering begins normally at the surface, and 
extends downward, resulting in a gradual transition from 
the fully Tormed. clay at. the surface to the parent rock 
below. The depth to which the rock will be decomposed 
depends, naturally, upon the distance to which the weather- © 
ing agents can penetrate, and this may vary in different 
parts of the rock, as in those portions which were abundantly 
jointed, the weathering agents could force their way much 
deeper. Moreover, since weathering agents are in some 
instances known to be effective at great depths, there is, 
obviously, a strong possibility that residual kaolins may 
exhibit a great vertical extent. | 

The Effect of Fissures.—The effect of fissures in facil- 
itating the entrance of water was emphasized by Cohen 
and Deeke,’ who thought that kaolinization first took 
place in and proceeded from the fissure systems which 
permitted the entrance of water. 

Kaolinization is not Confined to Certain Kinds of 
Granite.— Delesse,? Andre,* and Laube* thought that kao- 
linization took place only in certain kinds of granite, a 
view now known to be incorrect. 

The Effect of CO, Content of Percolating Waters.—It 
has usually been supposed that the decomposition of sili- 





1 Ueber das krystalline Grungebirge der Insel Bornholm, Jahresber. geol. Ges. Greifs- 
wald, 1889, IV. i 

2 Ueber die Gegenwert von chemisch gebundenem Wasser in den Feldspath gesteinen, 
TpidteaVikepso9S: 

3 Studien iiber die Verwitterung des Granite, 1866. 

4 Geologische excursionen im bohmischen Thermalgebiet, Leipzig, 1884. 
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cates in the rock, such as feldspar, is caused chiefly by the 
dissolved carbon dioxide often present in the percolating 
waters. This view was advanced by Forchammer as early 
as 18351 and also by later writers,? but as pointed out by 
Cameron and Bell,*? this may be doubtful, in view of the 
fact that many minerals found in rocks are known to be 
soluble in water alone, although their solution may take 
place but slowly. 

The water, moreover, is believed to react with or 
hydrolyze the minerals, as is shown by the fact that, after 
treating the powdered minerals with water free from dissolved 
carbon dioxide, an alkaline reaction can be obtained with 
phenolphthalein. 

Difference in Rate of Solubility of the Different Miner- 
als.—The rate of solubility varies with the different miner- 
als, the magnesium-bearing micas being more soluble than 
muscovite, while the order of solubility of the feldspar is 
albite, oligoclase and orthoclase.* Clarke®’ found that 
muscovite, lepidolite, phlogopite, orthoclase, oligoclase, al- 
bite, leucite, nephelite,.etc., were soluble in water, giving 
an alkaline reaction. 

Decomposition of Orthoclase by Hydrolysis.—The ac- 
tion of water on orthoclase is assumed to be somewhat 
according to the following formula:® 


KAISi,O,+ HOH = KOH+HAISi,O¢. 


The potassium hydrate thus formed may unite with carbon 
dioxide to form either a carbonate or bicarbonate of potash, 
or it is possible that it may unite with other acids forming 
salts more soluble in the hydrolyzed acid than the ortho- 
clase. 

The HAI1Si,0O, formed is apparently unstable, and may 





1 Poge.-Ann’, XoeiVe pp, 631591835: 

2 Rogers, Amer. Jour. Sci., V, p. 404, 1848; Bischof, Naturhist. Ver. Bonn, XII, p. 
308, 1855; Daubree, Compt. rend., LXIV, p. 339, 1867; Miller, Tscherm., Mitth., 1877, p. 
31; Laspeyres, Zeitschr. der Deutsch. Geol. Ges., 1864, p. 438. 

3 Bur. of Soils, Bull. 30, p. 16, 1905; also Cushman and Hubbard, Bull. 28, Office cf 
Public Roads, Washington. 

4 Merrill, ‘‘Rocks, Rockweathering and Soils,’’ p. 234, 1897. 

5 U.S. Geol. Surv., Bull. 167, p. 156, 1900. 

6 Cameron and Bell, Bur. of Soils, Bull. 30. 
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lose some of its silica, resulting in the formation of kaolin- 
ite, pyrophyllite or diaspore, but in the weathering of feldspar 
the first of these appears to be more commonly produced. 

Field Examples of Kaolinization by Weathering.— 
Occurrences of kaolins which clearly owe their origin to 
weathering processes are not uncommon, and a few examples 
may be noted, referring first to the American ones. 

tr. In Cecil County, Maryland, residual kaolins are 
found over an area of considerable size. These deposits 
are of great horizontal extent, but limited thickness, and, 
where tested to their full depth, are known to pass into the 
underlying granite, gneiss or schist, from which they have 
been derived by the simple process of weathering.’ 

2. At several localities 1n western North: Carolina,’ 
kaolin veins have been found in the metamorphic rocks, 
as for example in Harris kaolin mine near Webster. Here 
the white clay has been derived from a very coarse-grained 
pegmatite vein, consisting of quartz, feldspar, muscovite, 
and occasionally garnet. The kaolinization in this instance 
is clearly the result of decomposition of the feldspar, and 
extends to depths ranging from 80 to 125 feet. 

3. Kaolin, formed by the weathering of feldspar, has 
been found in eastern Pennsylvania. That formerly worked 
at Brandywine Summit has been exhausted, and now the 
feldspar, from which it was derived, is being quarried. 

4. Another clear case of the formation of kaolin by 
weathering is to be found in the so-called feldspar beds of 
the Cretaceous formation near Woodbridge, New Jersey.’ 

This material is a coarse arkose sand or gravel, consist- 
ing of a mixture of quartz, more or less decomposed feld- 
spar, and pellets of white clay, together with small amounts 
of hornblend or pyroxene and undecomposed granitic peb- 
bles. Some of the feldspar pebbles are an inch and a half 
in diameter, and all those which are unaltered show lustre 
on the cleavage planes. 





1 Ries, Md. Geol. Surv., VI, p. 455. 
2 Ries, N. C. Geol. Surv., Bull. 13, p. 60, 1897. 
3 Ries, N. J. Geol. Surv., VI, p. 177. 
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The following analysis' shows the composition of the 
material in this deposit: 


Sands SoC GPR ao Ea ee een aS 57.41 
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5. Kaolin is found in the zone of oxidation of many 
ore bodies, and the fact that many writers note that it is 
strictly confined to the zone of oxidation proves that it is 
evidently due to weathering.” In some of these cases, how- 
ever, its origin is explained as being due to the action of 
sulfuric acid on aluminous minerals, the acid being supplied 
by decomposing pyrite. 

6. Turning now to foregin occurrences we find that 
Vogt® has described a kaolin deposit near Jésingsfjord at 
Ekersund-Séggendal, Norway, which he believes has re- 
sulted’ from labradorite, through the “action of surtace 
waters containing carbon dioxide. The transformation 
from rock to clay in this case is shown by the following 
analyses, No. I being the labradorite, No. II partly kaolin- 
ized rock, and No. III the kaolin. 
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1N. J. Geol. Surv. Rept. on Clays by G. H. Cook, 1878. 

2 See for example, Lindgren and Ransome, U. S. Geol. Surv., Prof. Paper 54, p. 129. 

3 Problems in the Geology of Ore Deposits, Amer. Inst. Min. Engrs., Trans., Feb., 
1901. Also private communication. 
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7.  Wist' has claimed an origin by weathering for the 
kaolins at Halle, Germany, and Winkel in his description of 
those found on the island of Bornholm, Denmark,’ has 
shown that they grade downward into granite. 

8. More recently Barnitzke® has shown that in the 
kaolin deposits of Meissen, Saxony, the percentages of 
clay substance decreases with depth, and that the clay grades 
into fresh rock below. ! 

Summary of Facts in Support of Theory of Kaolinization 
by Weathering Processes.—The facts in support of kaoliniza- 
tion by simple weathering processes are: 

1. The possible alteration of feldspar to kaolinite by 
water, whether containing carbon dioxide or not. 

2. The observed transition with depth of kaolin into 
unaltered parent rock in many cases. This is seen in the 
feldspar deposits of North Carolina, Maryland, Pennsyl- 
vania, Delaware and Massachusetts. 

3. The fact that in the United States practically, all 
of the commercially valuable kaolin deposits lie south. of 
the glaciated areas, in other words, in a region in which 
residual clays still remain, is significant. 

Objections to Theory of Kaolinization by Weathering.— 
While these facts and examples show that kaolin may 
be formed by weathering, there is no intention, at least on 
the writer’s part, to claim that all kaolin is formed in this 
manner. And, while the theory of weathering has received 
wide and continued acceptance, opponents have not been 
lacking. 

Among the most active opponents has been H. Rosler, 
who has sought most earnestly to discredit the weathering 
theory. His objections are given below, each one being 
followed by the corresponding counter argument. 

tr. Kaolin passes into fresh rock horizontally, but 
never does so with depth. 

This statement is absolutely disproved by many Amer- 





1 Zeitschr. f. prak. Geol., XV, 1907. 
2 Beskrivelse of Kaolinslemmerit Rabekkegard paa Bornholm. 
3 Zeitschr. f. prak. Geol., 1909, p. 457. 
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ican and foreign occurrences which Rosler ignores. It may 
be noted also that some of the kaolin deposits which he 
cites to prove this theory are said by others to grade into 
solid granite below.’ 

2. In the weathering of feldspars, only lime and soda 
are dissolved and removed, while the potash content is 
retained. This, he claims, is shown by the complete ab- 
sence of potash in surface waters and springs (hot springs 
and acid ones excepted), and also by the fact that analyses 
of the weathered product show the same amount of potash 
as the fresh. rock. «Moreover, »ROosler:;areues;ithat potash 
is only extracted from the weathering products of feldspar 
when they come in contact with organisms. 

This statement is also incorrect, for G. P. Merrill? has 
shown, by a comparison of the analyses of igneous rocks 
and their derived clays, that the residual clay contains from 
29 to g1 per cent. less potash than the fresh rock. The 
mere presence of potash in the clay does not necessarily 
represent undecomposed mineral grains for it may be sol- 
uble potassium carbonate held there by adsorption.’ 

3. Water, even if carbonated, can hardly effect exten- 
sive decomposition because the attacked mineral surfaces 
soon become covered with a protective scum of weather- 
ing products. 

This argument hardly needs recognition. It might 
occur in laboratory work as shown by Cushman,‘ but in 
the rock where frost action, percolating waters and other 
forces are exerting a disturbing action, this skin will be 
broken up. ) 

4. Rosler, quoting Haushofer’s experiments,’ claims 
that, the rate of decomposition calculated by the former is 
too slight to bring about much decomposition of the feld- 
spar, and that even CO, would hardly accelerate the action. 

He (Rosler) neglects the time element which might 





1 See Grabert, Zeitschr. prak. Geol., 1909, p. 142; Winkel, Beskrivelse of Kaolinslem- 
merit Rabekkegaard paa Bornholm. Zeitschr. prak. Geol., XV, p. 10, 1907. 

2 Rocks, Rockweathering and Soils. 

3 Binns, ‘trans. Amer. Cer. Soc., VIII, p. 198. 

4 ’frans. Amer. Cer. Soc., Vol. VIII. 

5 From Jour. prakt. Chemie, 1868, CIII, p. 121. 
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have been great, and that it has been definitely shown that 
carbonated waters, as mentioned above, do attack feldspar. 

5. It is said that little is definitely known regarding 

the constitution of the products of feldspar decomposition 
formed by weathering; and that it is possibly an alkaline 
aluminum silicate rather than kaolinite, for the alkali con- 
tent, especially the potash in the products of feldspar decom- 
position, often exceeds the water content, and is never 
absent. . 
This statement hardly needs refutation, at least it 
would seem so to those who are familiar with American 
kaolins, for in none of these does the alkali content exceed 
the water percentage, and, moreover, the presence of 
alkalies, even ito the, extent ~of several per cent., proves 
nothing against the weathering theory. As already men- 
tioned the potash might be held in the clay by adsorption, 
or it might be locked up in muscovite or sericite, which 
remains undecomposed long after the feldspar has kaolin- 
ized. 

6. Apatite is said to be unattacked by weathering pro- 
cesses, but decomposed and removed by pneumatolytic 
action. 

This is not altogether true, for G. P. Merrill has shown 
by analyses of a series of fresh and weathered rocks that in 
most cases there is a loss of phosphoric acid which, in the 
figures given by him, ranges from about 11 to 68%. On 
the other hand, as some of Merrill’s analyses show,-there 
is occasionally either no loss or a positive gain in phos- 
phoric acid, a fact also pointed out by Brauhauser,' in the 
case of the Kegelbach granite, which showed more P,O,; in 
the weathered than in the fresh rock. 

Endell,? however, corroborates Merrill as regards the 
loss of P,O, in most cases, but his examples often lack weight, 
because the analyses of fresh and kaolinized rock do not, 
in every case, appear to be taken from the same locality. 





1 Jahreshefte des Vereins fiir vaterlandische Naturkunde in Wiirttemberg, 64, Jhg. 
1908, 5, 17. 
2 Sprechsaal, XLII, No. 34, p. 495, 1909. 
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7. It is said that kaolinization, which Rosler regards 
as distinct from weathering, is never preceded by mechan- 
ical disintegration, while in rock weathering this always 
occurs. 

This statement is hard to prove as in most cases the 
rock is so decomposed that one cannot tell whether or not 
disintegration had occurred. 

8. Inthe. kaolinization” ofa” porphyritic: rock, “the 
phenocrysts are altered before the ground mass is affected, 
while in weathering this order would be reversed. 

As many kaolinized rocks are not porphyritic, the 
statement, if true, would have no general application. The 
so-called feldspar beds of the New Jersey Cretaceous already 
referred to show that both the coarse and fine feldspar 
fragments have undergone decomposition at the same time. 

9. The biotite in kaolin is fresh and rarely bleached, 
and hence, kaolinization cannot be due to weathering. 

None of the American residual kaolins show fresh 
biotite; and, furthermore, if garnet is present, it 1s more or 
less decayed. . 

ro. Résler ‘claims: that in? foreign (kaolins;/ he sfinds 
secondary siderite, tourmaline, pyrite, topaz, and fluorite, 
which must be secondary because they are not found in 
the surrounding rock, and hence the kaolin cannot be a 
product of weathering. 

This claim can be met with the argument that topaz, 
fluorite and tourmaline are vein minerals produced by gas- 
aqueous action. Their distribution is, therefore, often 
confined to vein fissures, and it is in such parts of the rock 
that the weathering agents penetrate more readily. This 
would account for the association of kaolin with pneumato- 
lytic minerals. 

The pyrite might be deposited in the clay by an adsorp- 
tive process as shown by Sullivan,’ and its later origin 
explains nothing as regards the formation of the kaolin. 

ti... Minerals, like 1ron oxide: and smonazite, are, 11 is 


1 Econ. Geol., I, p. 67, 1906. 
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claimed, easily weathered, and hence their presence in 
kaolin shows that it could not have been formed by weather- 
ing processes. | 


The statement that monazite is an easily weathered 
mineral can hardly be regarded as correct as it is found in 
residual soils in North Carolina as well as in the alluvial 
sands which are composed of the more resistant minerals 
from these soils. In fact, monazite grains occur in sufficient 
quantity in these sands to make their extraction profitable. 


Iron ore may be present in any residual clay as a prod- 
uct of concentration of meteoric waters. 


12. Finally, it has been argued that in some regions 
where kaolin has been formed from granite, the rock in the 
surrounding area is broken down to a sandy mass, but not 
to a kaolin, which sandy mass represents a weathering 
product. 

This is no argument against the theory of weathering. 
It might simply indicate that in any particular rock all 
parts of the mass had not been altered to the same degree, 
and as disintegration often precedes decomposition, the 
sandy product may simply represent an earlier stage in the 
decay. 

After considering all these arguments, both pro and 
con, I still believe that kaolin can be formed by. ordinary 
weathering processes, and that many of the economically 
valuable kaolin deposits have originated in this manner. 


KAOLINIZATION BY POST-VOLCANIC EMANATIONS. 


This theory assumes that the kaoiin has been formed 
from feldspar by the action of heated waters (possibly of 
acid character), or by gases, both of igneous origin, acting 
either singly or together. These kaolinizing agents are 
supposed to have been given off by some igneous mass, and, 
according to the different theories, the depth below the sur- 
face at which the kaolinization occurs is not the same in 
all cases. 
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This theory in different forms has been advanced by a 
number of writers and investigators, and is often spoken of 
as the pneumatolytic theory. The term just mentioned is, 
however, only applicable to kaolinization occurring at great 
pressure and high temperature. 


Advocates of and Examples Illustrating Kaolinization by 
Volcanic Emanations.—1. Probably the first to assign 
a pneumatolytic origin to kaolin was von Buch,’ who 
sought to apply this explanation to certain German kaolin 
deposits because they contained fluorite. 


2. Forchhammer? offered a similar theory for the 
occurrence of Scandinavian kaolins, but thought that they 
were formed by the action of hot water vapors alone. 


3. Daubree, the French geologist, was another advo- 
cate of the pneumatolytic theory of the origin of kaolin.* 


4. Some years later, the theory was exploited anew 
by J. H. Collins,* who sought to apply it to the kaolins of 
the Cornwall district of England. Mr. Collins, to verify 
his theory experimentally, exposed feldspar to the action 
of hydrofluoric acid, as a result of which it was converted 
into a hydrated silicate of alumina mixed with soluble 
fluoride of potassium, while pure silica was deposited on 
the sides of the tube. He also found that orthoclase was 
more readily attacked than either albite or oligoclase. 


The following analyses show the effect of 96 hours of 
treatment of orthoclase with hydrofluoric acid at 60° F. 
No. I is the original felsdpar, No. II is the inner layer of 
altered feldspar, and No. III is the outer layer of altered 
feldspar. 





1 Beschreibung des Harzes, 1824. 

2 Zusammensetzung der Porcellanerde und ihre Entstehung aus Feldspath, Pogg.. 
AN) SOSOV a pisos 

3 Compt. rend., LX VIII, p. 1135 and Etudes synthetiques de geologie experimen- 
tale, 1879; also Les eaux souterraines aux epoques anciennes, Paris, 1887. 

4 Mineralog. Mag., VII, p. 123, 1887. 
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The analysis of the outer layer, it will be noticed, approx- 
imates kaolinite in its composition. Under the microscope 
it showed no hexagonal scales but contained a number of 
colorless minute cubes which were supposed to be fluorspar. 

It is interesting, in this connection, to note that G. 
Hickling! repeated Collin’s experiments and claimed to 
have been unable to obtain a product that was like kaolin 
either in appearance or composition. 

5. Other adherents of the pneumatolytic theory have 
not been wanting, for it was accepted by Mallard to explain 
kaolinization in certain tin deposits,? and also by Auscher 
and Quillard in their work ‘‘Technologie de Ceramique,”’ 
PALIS, cLOOT: 

That kaolinite can be formed from feldspar, through 

the action of hot magmatic waters, has been observed in 
the study of many ore deposits. 
6. Lindgren® states that kaolinite may be formed by 
the metasomatism or replacement of orthoclase, albite or 
soda-lime feldspars with the liberation of silica, the reac- 
tion in the first case being expressed as follows: 


6(KAISi,0,) + 6H,O + 3CO, = 
3(H,ALSi,0,) +3 K,CO,—12510,. 


According to the same author, ferromagnesian silicates, 





1 Trans. Inst. Min. Engrs., England, XXXVI, p. 10, 1908-09. 

2 Etudes sur les gisements stanniferes du Limousin et de la Marche. 

3 Metasomatic Processes in Fissure Veins, Amer. Inst. Min. Engts., Trans., Feb., 
1900. 
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and even quartz, as shown by the altered rock adjoining a 
recent vein near Boulder, Mont., may be converted into 
kaolinite. The mineral is very finely divided: The same 
author remarks on the frequent occurrence of kaolinite in 
cassiterite veins, although here it may be simply a second- 
ary alteration of topaz. 

7. itiis known 7to' occurs together with sericite ain 
veins of the pyritic galena-formation of Freiberg, Saxony; 
in some veins of propylitic character, as at Cripple Creek, 
Colo., and in veins where the action of stronger reagents, 
such as sulfuric acid, seems probable (Summit District, 
Colo., De Lamar, Idaho). None of these represent deposits 
of commercial value. 

But while kaolin may be formed by metasomatism 
through the agency of ascending waters derived from 
igneous rocks, the work of Lindgren’ has shown that it can- 
not be formed under deep-seated conditions, and cannot, 
therefore, be of pneumatolytic origin, like tourmaline, 
topaz or cassiterite. 


8. Ransome’ has described an interesting occurrence 
of kaolin in the National Bell Mine, where it forms a snowy 
white powder, of minute crystalline scales. “‘As-seen in 
the upper workings in 1899 it occurs as filling fissures in the 
country rock or as a filling between the fragments of brec- 
ciated zones near the ore bodies. It was apparently in 
these cases deposited later than the ores, partly taking the 
place of the clay gouge commonly associated with post- 
mineral movements in other localities. 


“As an original constituent accompanying the ores, 
kaolin occurs abundantly in the stock deposits of the Red 
Mountain district:-225 4 A It appears. to. haven aecour 
_panied the ores to the greatest depths there attained (about 
1300 feet). It was evidently derived from the country 
rock adjacent to the ore bodies as a product of its altera- 
tion by thermal waters.”’ 





1 Econ. Geol., II, p. 105. 
2U.S. Geol. Surv., Bull. 182, p. 73, 1901. 
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Ransome further states on p. 234: ‘‘The National 
Belle Mine has long been noted for the abundance and pur- 
ity of the kaolin found in its workings.’’ 

This is the material that was described optically by 
RenscH: 

The composition of it as given by Hillebrand (I) and 
Hiortdahl (II) and quoted by Ransome is given below: 
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The foregoing facts seem to warrant the assumption 
that kaolinization has been effected by ascending waters of 
probable, if not undoubted, magmatic origin. But whether 
the commercially valuable deposits of kaolin have thus 
originated is another question. 

9. Résler? has put forth the theory that not only have 
the kaolins been formed in this way, but that the agents 
were of gaseous or gas-aqueous character. : 

Ii thisvis’ true) they must also have been formed ‘at 
great depths, and are now exposed at the surface because of 
the erosion of the overlying rocks. 

Rosler’s theory has not remained undisputed, and the 
publication of it has started a war of discussion in the for- 
eign scientific press between the advocates of the several 
theories in which the participants have been demanding 
nothing less than absolute surrender from their respective 
opponents. 

Rosler’s premises are, firstly, that kaolinization is a 


1 Neues Jahrb. fiir Min., II, p. 70, 1887. 
2 Neues Jahrb. fiir Min. Geol. u. Pal., XV, Beilage Band, 2nd Heft, pp. 231-393. 
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pneumatolytic or pneumato-hydatogenetic process, totally 
distinct from weathering, and secondly, that the latter in 
no case causes feldspar to change to kaolin. Some of his 
arguments have already been recited (see pages 57-61 incl.) 
and others are: 

(a) Kaolin deposits extend to too great depths to.be 
due to weathering. 

(6) Weathering does not remove potash from feldspar, 
and since kaolins contain little or no potash, they must have 
been formed by other agents, to wit, pneumatolytic or pneu- 
mato-hydatogenetic ones. 

(c) Weathering changes granite to a clayey sand and 
not toa clay. 

(d) Biotite found in kaolin is often fresh, while weath- 
ering would surely decompose it. 

(e) Kaolin contains sericite as a secondary formation, 
and, as this is never produced by weathering, it must be a 
gas-aqueous product. 

(f) Kaolin deposits are associated with fissures, or 
exhibit a form indicating such association. This shows 
their close relation to the pathway up which the kaolinizing 
waters or vapors traveled from below. 

Conclusions Concerning Kaolinization by Pneumatoly- 
sis.—Mr Rosler’s work indicates that he has gone to con- 
siderable trouble to prove his theory, and yet his attempted 
Sweeping application of it, his uncompromising attitude 
towards other theories, and his total neglect of all Ameri- 
can occurrences make one feel that his enthusiasm has led 
him to assume rather narrow views. 

It is perfectly possible that kaolinite may be formed 
from feldspar through the action of magmatic waters, and 
it is possible that some of the commercially valuable de- 
posits of kaolin found in the world may have originated in 
this manner, but I feel less sure of it now than I did a few 
years ago. 

Where one finds kaolin masses closely associated with 
fissure veins as in Cornwall, England, and extending to a 
depth of several hundred feet, one naturally is willing to 
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believe that these may be examples of the theory so ardently 
expounded and actively defended by Rosler. And yet the 
recent work of Hickling’ may, perhaps, with reason cause 
us to regard the Cornwall kaolins as weathering products 
after all for, according to him, the kaolin is a surface sheet, 
covering the irregularly corroded surface of the solid gran- 
ite, and moreover, there is no constant relation between 
fissures and kaolin, some fissures in the solid, fresh granite 
being free from kaolin. The whiter color of the deeper 
clay, Hickling believes, is due to the fact that the surface 
waters have not carried down enough oxygen to decompose 
the biotite and oxidize the iron in it. 

In the case of the Carlsbad kaolin deposits, which, 
because of their association with the springs, one might 
suppose to be due to the action of waters ascending from 
below, Stremme has pointed out that only seven of the 
deposits show a parallelism with the hot springs fissure, 
while twelve of them lie at some distance from this line. 

But a most serious objection to the contemporaneous 
origin of kaolinite, tourmaline, topaz, and cassiterite by 
pneumatolytic processes, is the evidence given by Lind- 
gren,’ regarding the relative depths at which the above- 
mentioned minerals are formed. This would seem to con- 
clusively dispose of the theory without any additional dis- 
putative evidence. 

FORMATION OF KAOLIN BY WATERS CONTAINING CAR- 
BON DIOXIDE. 

This view, which may be regarded as a modification of 
the theory just described, was advanced by C. Gagel and 
H. Stremme® to explain the kaolinization of granite by 
the cold acid waters of the Elizabeth Spring near Carlsbad 
in Bohemia. At this locality a funnel-shaped opening of 
about 30 to 40 meters in diameter had been excavated, at 
the base of which a shaft was being sunk. The walls of the 
pit consisted entirely of snow-white kaolin which retained 
the structure of the original granite to a large extent. 





1 frans. Inst. Min. Engrs. (England). 
2 Loc. cit. 
3 Centralblatt fiir Mineralogie, Nos. 14 and 15, pp. 427-475 and 467-475, 1909. 
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Analyses showed that the potash content of the kaolin | 
was only about 1/15 that of the granite, soda about 1/30, 
magnesia and lime about 1/2, and phosphoric acid about 
1/2. The iron content was in part less, in part greater 
than that of the original rock. | 

The author believed that it represents a simple case of 
kaolinization by water containing CO,. There is no evi- 
dence of pneumatolytic action, nor of the work being done 
by surface water as indicated by the absence of superficial 
iron discoloration. | 

Action of Hydrochloric Acid on Feldspar.—As having 
some bearing on the kaolinization of feldspar by acid waters, 
we may refer to the experiments of Tucker,! who found that 
powdered feldspar, when treated with very dilute hydro- 
chloric acid (0.075%), for ten days at ordinary tempera- 
tures, is decomposed into a milky white substance indis- 
tinguishable in appearance from the china clay of commerce, 
and containing scales which were micaceous in character. 
Shap granite, Falmouth granite and china stone were sim- 
ilarly decomposed, yielding a material quite like kaolin. 

Such a decomposition will take place at ordinary tem- 
peratures with nitric, sulphuric, hydrochloric and hydro- 
fluoric acids, and, in the case of feldspar and granites, with 
water containing carbonic acid. 


KAOLINIZATION BY SWAMP WATERS. 

This theory postulates a close association between 
kaolins, and deposits containing lignite or carbonaceous 
matter. It is claimed that the waters leaching out of such 
deposits contain humic and carbonic acid, and organic 
matter, but a deficiency in oxygen. Now if such a solution 
seeps down into some underlying feldspathic rock, it attacks 
the latter, causing its alteration to kaolin. 

Organic Coloring of Kaolins Taken as Proof.—The ad- 
vocates of this theory claim that the waters, because of 
their composition, leach out the iron from the rock, and at 
the same time contribute some organic matter to the clay, 





1 Quoted by Hickling, ‘Trans. Inst. Min. Engrs. (England). 
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tinging. it red or gray. As evidence of this Stremme! 
points to the fact that some kaolins, as those of Carlsbad 
and Halle, have red and gray colors which he says they 
would not show, if they had been produced by post-volcanic 
processes. Stremme claims that the coloring matter in 
these kaolins must be organic for the colors disappear when 
the clays are exposed to the air or are ignited. The source 
of this coloring matter is supposed to have been the bogs 
which formerly covered the surface in this district. He, 
therefore, advances this view to explain the origin of many 
kaolins, including those at Adolfshtitte bei Bautzen, Carls- 
bad, Léthain, Schletta bei Meissen, Halle a. d. Salle, and 
Muldenstein. 

Stremme ascribed this kaolinizing action to the organic 
matter in the waters from lertiary swamps. He claims 
that at some localities these carbonaceous matters, which 
overlaid these kaolin deposits, have been removed by ero- 
sion, and only the alleged product of their work remains. 

The only application of this theory in the United States is 
the case of certain kaolinized pegmatite veins on Manhattan 
Island, New York, which are believed by Julien to have been 
formed in this manner. 

Difference in Effect of Swamp and Surface Waters.— 
The effect of swamp waters differs from the ordinary weather- 
ing work of surface waters in the following ways: 

1. The total iron and magnesium of the kaolin is 
increased in weathering, but decreased by the leaching of 
Swamp waters. 

2. Weathering changes the iron to limonite, but swamp 
waters alter it to pyrite and siderite. 

3. It is believed that the high alumina percentages of 
the kaolin formed by swamp waters shows that in its forma- 
tion there were fewer mechanically active forces than in 
the case of weathering, as otherwise much of the clay sub- 





1 Zeitschr. prak. Geol., XVI, p. 126, 1906. 

2 Tonind. Zeit., XX XIII, p. 1607, 1909; Zeitschr. prakt. Geol., Mar., 1908; Ramann, 
Bodenkunde, 2d Ed., Berlin, 1905, holds a similar view. See also Berg. Monatsber. d. 
Deutsch. Geol. Ges., 1906, p. 56; Hochstetter, Karslbad, seine geognost. Verh. u. S. Quellen; 
1856; and Weiss, Zeitschr. f. prakt. Geol., XVIII, p. 353, 1910. 
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stance formed would have been washed out, leaving an 
excess of silica behind. 

4. The cause of the low iron content of these kaolins 
is thought to be due to the strong leaching effect of these 
swamp waters. 

Objections to this Theory.—While there is a_ strong 
possibility that some kaolins may have been formed in the 
manner outlined, it is difficult to positively ascribe such 
an origin to any unless there is proof of the existence, pres- 
ent or past, of an overlying carbonaceous deposit or 
swamp. Kaolin can be formed by simple weathering, and 
in this process, carbonic acid waters may play ardle. None 
of the American kaolins show any evidence of a genetic 
relation to swamps or coal beds, and the pre-Cambrian 
kaolins of Wisconsin,’ derived from the weathering of 
schists, and overlain by Cambrian sandstone, were not 
associated with deposits of decaying vegetable matter as land 
plants were’ not then “im existence: 

The theory has been most energetically disputed by Rés- 
ler, who claims that Stremme’s analyses do not prove kao- 
linization, but in view of the fact that crude kaolins may 
show considerable variation in their composition, this 
objection cannot: be a very serious one. Furthermore, he 
claims that Stremme’s analyses show ‘by their high alkali 
content that we are here dealing with minerals like sericite 
and not kaolin. This likewise seems to me to have little 
weight as the white residual kaolins, especially those found 
in the United States; may show je>to:3% ‘oi alkaliecsas ke 
say that these white residual plastic clays were not kaolins 
would be absurd. 

The brown or gray discolorations might, as Rdosler 
argues, be due to surface waters, and not extend to unlim- 
ited depths. 

It should be said in Mr. Stremme’s favor, that while 
he firmly believes in kaolinization by swamp waters, and 
considers that many European deposits have been formed 
in this manner, still his views are temperately expressed, 





1 Buckley, E. R., Wis. Geol., and Nat. Hist. Surv., Bull. 7, Pt. 1, 1901; and Ries, 
Ibid., Bull. 15, 1906. 
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and he shows no desire to insist that all kaolins have been 
thus formed. 


KAOLINIZATION BY SULPHATE SOLUTIONS. 


Kaolinite is found abundantly in the Goldfield, Nevada, 
ore district, and while it is formed by weathering processes 
in the zone of oxidation, it is not confined to this belt, but 
is also present in the sulphide zone, and as a constituent 
of the unoxidized country rock in the vicinity of the ore 
bodies. 

Example of. this Process of Weathering.—Ransome! 
states that “‘The dacite from the 230-feet level of the Com- 
bination mine, contains 24% of kaolinite by weight. In 
such altered rocks the kaolinite forms very minutely crys- 
talline aggregates of feeble birefringence as seen in thin 
sections under the microscope. These aggregates have 
rather ill-defined boundaries and the kaolinite is intimately 
and contemporaneously crystallized with quartz, alunite, 
and pyrite. A very large part of the altered dacite in the 
vicinity of the ore bodies near Goldfield consists of these 
four minerals in varying proportions. A similar alteration 


ha-eatiecteds the latite) 7°.sin’ the bottom’ level: (280 feet) 
of the January mine.” 
Ransome furthermore says: ‘‘That the intimate asso- 


ciation of the alunite with kaolinite at Goldfield has a bear- 
Meron thesprobléem-. Y.2 

Pitdesen (Ee commacol.. Ll, -120,.-1907) has. recently 
intimated that although he himself formerly referred to 
the mineral as characteristic of certain classes of veins, 
kaolinite should not be considered as a gangue mineral of 
any class of ore deposits except those formed under the 
influence of oxidation. In a subsequent paragraph, he 
somewhat modified his statement by the expression of be- 
lief that ‘‘kaolin is rarely formed by alkaline hot water at 
any considerable depth below the surface.”’ 

“The preponderant weight of careful observations 


1U. S. Geol. Surv., Prof. Paper 66, p. 127, 1909. 
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made during the last few years is unquestionably on the 
side of the thesis thus moderately stated; and the occur- 
rence of kaolinite at Goldfield where the intimate associa- 
tion of the mineral with the alunite, gold, sulphides, tellu- 
rides, and sulphantimonites, as determined by microscop- 
ical: work, shows that all were formed at the same time and 
by one general process, is an additional point against what 
has been called the direct volcanic hypothesis.’’ 


KAOLINIZATION BY WEATHERING OF MUSCOVITE. 


In most of the theories, which have been advanced 
concerning the origin of kaolin, it has been considered to be, 
in. most cases, a decomposition product of feldspar, hence, 
a theory which proposes muscovite as its source is unique. 
such ‘ai one has been adwanced by G. Hickling, for the 
Cornwall kaolins. 

Evidence in Support of this Theory.—His reasons for 
believing that the kaolinite is derived from mica and not 
from feldspar are as follows: 

1. Microscopic examination of the feldspars of decom- 
posed granites show nothing that he can identify as kaolin- 
ite; 

2. ‘The kaolinite crystals :are only seen in the fine 
powder which gives rise to the clay, and, therefore, its 
development takes place in the clay. 

3. The micaceous habit of the kaolinite crystals. 

4. There is no visible difference in form between the 
kaolinite and muscovite. 

5. The curious vermiculite forms are evidence that 
the kaolinite was not deposited from solutions. 

6. The kaolinite prisms show every variation in bire- 
fringence, from that of muscovite to nul. 

7. Prisms are found which are muscovite at one end and 
kaolinite at the other. : 

8. The experiment of A. Johnstone? showing that 
muscovite, exposed to water containing CO,, changed to 





1 Trans. Inst. Min. Engrs. (England), XXXVI, p. 10, 1908-9. 
2 Quart. Jour. Geol. Soc., XLV, p. 363-368, 1889. 
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hydro-muscovite, and the hydrated condition of the mus- 
covite in the clay is in keeping with this theory. 

Relation between this Theory and that of Kaoliniza- 
tion by Weathering.—Since, in this theory, muscovite rep- 
resents the first stage in the weathering of feldspars, and 
the kaolinite the second, this theory may be regarded as a 
modification of the original theory of kaolinization by 
weathering. 

V. Selle! has expressed a somewhat similar opinion at 
an earlier date, claiming that weathering and kaoliniza- 
tion were analogous processes, differing only in degree, but 
that in both cases mica is found as an intermediate product 
of the final decomposition of feldspar, and this mica is 
again resolved into kaolinite. 


The Weakness of the Theory.—Interesting as Mr. 
Hickling’s. explanation of kaolinization is, one cannot fail 
to see some difficulties in its acceptance. In the first place 
his proof is based in part on the optical properties of two 
minerals which differ but slightly optically, and can only 
be studied satisfactorily with very high powers. Indeed, 
some investigators claim that the theory of the pneumato- 
lytic origin of kaolin has received more recognition than it 
deserves, because in not a few cases sericite has been mis- 
taken for kaolinite. 

Secondly, sericite is not usually regarded as a weather- 
ing product of feldspar. 


SUMMARY. 


It will be seen from what has been said that there are 
now a number of theories to explain the origin of kaolin. 

On the one hand we have the oldest or weathering 
theory; on the other we have five or six theories which 
hold that kaolinization is a different process from weather- 
ing, but differ strongly regarding the agents or processes 
involved in kaolinization. | 

With one exception all theories concerning the origin 





1 Sprechsaal, XL, p. 463, 1907. 
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of kaolin agree in regarding feldspar as the parent mineral, 
but each theory differs in regard to the mineralogical and 
chemical changes involved. Thus in weathering, an exten- 
sive leaching of certain constituents, especially lime, mag- 
nesia and alkalies may occur, while the iron is fixed as 
oxide or hydroxidesevery little oiut beige wremoveds > Inthe 
case of post-volcanic emanations, where weak acids and 
much water are present, but a deficiency of oxygen, iron 
may remain’ as pyrite’ In the decomposition of rocks by 
swamp waters, containing carbon dioxide but deficient in 
oxygen, the iron may be leached out. 

A careful sifting of the evidence would seem to indi- 
cate that the kaolin might be formed according to any one 
of the three important processes, v1z., weathering, volcanic 
waters, and vapors, or acidulated waters from coal beds 
and swamps. | 

The mere fact that the bottom of a deposit has not 
been reached is no proof against the theory of weathering, 
for it is well known that this action sometimes extends to 
great depths, far greater than that thus far reached in the 
mining of any known kaolin deposits. 

The absence of coal beds over the kaolin deposit is not 
necessarily evidence that they never existed there. 

The writer’s personal opinion is that all of the work- 
able kaolin deposits of the United States, and probably 
many of those of Central Europe, are the work of surface 
waters, whether they ventéered direct dromuetie sum accor 
filtered first through a swamp or bed of peat. | 

That kaolin may be formed by post-volcanic vapors 
or waters is no doubt true, as shown by the formation of 
this mineral below ground-water level in the wall rock of 
many veins, and the turquoise deposits of New Mexico, 
but whether any commercially valuable deposits have thus 
originated remains to be proven. 

Whatever theory may be finally adopted it is of the 
highest importance that the theory should be made to fit 
the facts, and not the facts made to fit the theory. 


FLUXES AND FUSION.! 
By Ross C. Purpy, Columbus, Ohio. 
INTRODUCTION. 


Scope.—I wish to consider this subject as it applies 
to ceramics alone. These same considerations would 
apply (with some few additions) to all industrial studies 
which involve silicate fusion. Since the conditions attend- 
ing the completeness of, as well as the reactions coincident 
with the fusion of the glass, silicate enamels, slags, cements, 
etc., etc., are so different and offer so many phenomena, 
it would be unwise to attempt a comprehensive discussion 
Oletie ec eteral topic—-silicate: fusion. Inpiact;: Taber to 
confine our thought entirely to the most simple of the 
silicate fusions with which the ceramist has to deal, such 
as those which take place in the simple mixtures of kaolin, 
feldspar and flint of which china, porcelain, and all other 
white ware bodies are composed. 


GENERAL PRINCIPLES INVOLVED. 


At the outset let me call attention to a few general 
principles that will be involved in this informal discussion 
and which are generally known. 

Molecular Kinetic Energy.—I must confess unwilling- 
ness to either deny or acknowledge full belief that each 
molecule of a solid rock crystal is in perpetual motion 
and anxious to bombard the sides of a containing vessel. 
Physicists claim and offer unimpeachable proof that such 
molecular activity is true in the case of gases, and they 
claim that if it were not for molecular cohesion, this same 
phenomena would be more apparent in liquids and solids. 
Such phenomena as gas pressure, surface tension, etc., 
are offered as evidence of molecular kinetic energy in each 
of the three states of matter, vzz., gaseous, liquid and 
solid. 


1 Presidential address delivered at the 12th Annual Meeting but which, owing to 
misunderstanding, was not published. 
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When a solid is heated it generally expands and as 
the temperature of that solid is increased, the kinetic 
energy of the molecules is increased, until finally this 
kinetic energy is sufficient to overcome the molecular 
cohesion, the result being a change of state, as, for instance, 
from solid to liquid. 

External pressure ° offers: - a: coiunter-force delaying 
this’ change -insstater: Barus," lebelieve: round) thaenitmcace 
of basalt ayvpressure of wo ‘atmospheres counteracted? the 
influence of 1° centigrade rise in temperature. In defining 
such terms as melting point, it is necessary, therefore, 
to take cognizance of both temperature and pressure. 

Melting Point.—As a definition of melting point, I 
offer the following: With constant pressure, the temperature 
required to inereases the vkimetic veneray - Olethe, molecules 
of a solid sufficiently to overcome their mutual cohesion 
is the melting point of that solid at that pressure. 

A definite melting point of a substance requires, there- 
fore, a distinct change in phase at a definite temperature- 
pressure point. Most solid crystals exhibit this phenomena. 
That /a° study of Lusions;may.not bei too. easy, allesolid 
substances do not have a definite melting point, that is, 
they do not change phase when passing from what we 
customarily call a solid state to that known as fluid. We 
might picture a rigid fluid, rigid in this case referring to 
high. degree ..of,, viscosity .of the find; im -which- there 1s 
no definite arrangement of the molecules. Such solids are 
said to be amorphous. 

Glass is a highly viscous fluid, 2. e., a rigid fluid, and 
not a solid in the same sense as is implied when speaking 
of crystals. 

Fusion.— When a viscous fluid is heated there is no 
change) in: phase. ’-1t 1s merely a.change in degree of vis- 
cosity.’|, Sitice;. as im -case of) glass, we have no. change in 
phase, the change being merely one of relative degree of 
viscosity, it is easy to see why this change is gradual, in- 
volving nothing that would mark a definite point. Such 
a change is a function of temperature and pressure, being 
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at all times directly proportional to the temperature and 
inversely tothe pressure. A change from a rigid fluid 
to a less viscous fluid is a gradual melting; this is fusion. 


FLUXES. 


Popular Conception.—According to the usual concep- 
tion, a flux is a solid substance which, when blended with 
a more refractory solid, will cause a lowering of the melting 
point, or in other words, will increase the ease: of fusion 
of. the second substance.- Sodiumi carbonate blended 
with clay makes possible the liquefaction of the clay. 
We say in the laboratory, the carbonate fluxes the clay. 
In silicate fusion, the carbonate is present in such excess 
that a portion of it undoubtedly is the first to melt and 
when melted serves first as a solvent and then as a reacting 
agent, causing chemical disintegration of the clay. Sup- 
pose that in place of the 10 to 1 mixture we take a mixture 
of 1 of sodium and tio of clay. Will the sodium fuse the 
clay? Yes, but not completely. Has the sodium fluxed 
Pierelay sandiicether soci, in this case! a. flix? ..50: far -as 
we know it has not. | 

Take another example if you will, as, for instance, a 
mixture of wollastonite (CaSiO,) and silicon oxide. Wol- 
lastonite inverts at 1200° C. into a _ pseudo-hexagonal 
FOtimandet Mic second piace melts at 1520° C. \'Ptre S10; 
(tridymite) melts at about 1600° C. Any mixture of these 
two substances will fuse at a temperature lower than 
the melting point of either, and the most fusible mixture 
Ol ie twods.76,0 CaoiO, 23.4% 510, melting at 1420°‘C. 

If these two minerals are thoroughly blended, fused 
to a molten fluid and then cooled to a rigid condition 
again, we would still have pure SiO, and pure wollastonite 
chemically unaffected; merely more intimately mixed. 
In other words, these two minerals do not react chemically 
one with the other when fused together. Repeated fusions 
in this case would merely cause a more intimate mixture 
and yet the ease with which these fusions can be obtained 
is increased *with each ‘successive re-Iusion. Since -we 
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have greater ease of fusion and yet no chemical reaction 
between these two substances, this greater ease must 
result from the only other factor involved, 7. e., more in- 
timate mixture of the two. This case must, therefore, 
be an exception to the usually conceived notion of fusion. 
Fusion does not always involve chemical reaction. 


The Flux.—To go a little deeper in the case of the 
wollastonite-silica mixtures, their liquidus, after Day and 
Shepherd, is here represented. 


Trans. Arn. Cer. Soc. vol X/// Purdy 


1520 





100 S/O, f7g./ 100 CaKHO, 


The dotting of liquidus AB is to indicate that, owing 
to’ ‘the extreme viscosity .of the melts, makin “diffusion 
slow, the exact melting point of these mixtures is uncertain. 
The horizontal line drawn through the eutectic indicates 
that 'as these several mixtures were heated, a melt con- 
sisting of the two components in eutectic ratio was noted 
at approximately the same temperature, 1420° C. 


Suppose we start with a thoroughly blended mixture 
of $10, and wollastonite, such as A, and heat it up to 1420° C. 
Until this temperature has been attained, the powder has 
been merely sintering but at 1420 fusion begins, 7. e., 
a solution is formed. This solution is going to act as a 
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solvent in which the component present in excess of that 
required for the eutectic will be dissolved. 

This solvent is neither SiO, nor CaSiO, taken alone; 
ituis’ the ‘eutectic admixture of the’ two... Just-asithe excess 
sodium compounds are the solvent in ordinary silicate 
fusion so is this: eutectic mixture of S1O,"and CasiO, the 
solvent in this case. The only -essential difference in 
action of these two solvents toward their respective solu- 
tions is in miscibility, viscosity and liquefaction—factors 
which effect a difference in rapidity of the fluxing action 
but not a difference in kind. In this case the eutectic 
mixture of the two components is the solvent and, hence, 
tires tis, 

No Chemical Reaction and No Eutectic.—In the two 
instances cited, we have two cases of fusion involving 
two essentially different phenomena—in the first, chemical 
reactions resulting in new compounds; in the _ second, 
no chemical reactions, the flux being the eutectic of the two 
components. There is a third important case in which 
Heiter chemical reactions nor, eutectic mixtures. enter 
as affecting factors, namely, isomorphous mixtures. 

Day and Allen have shown that anorthite and albite 
feldspar form isomorphous mixtures, the liquids of which 
istassshown (p. 80). in -this'case the more fusible of the 
components is the flux. 

Pottery Mixtures.—Mixtures of kaolin and feldspar 
have been shown by Simonies to be isomorphous giving 
a curve similar to Day and Allen’s feldspar curve. Mix- 
tures of feldspar and flint have a slight eutectic and those 
Grekaont and Cinta decided, eutectic. Im none “of these 
cases have we evidence of chemical reactions due to inter- 
reaction between the components present. 

What takes place then, when a porcelain mixture vitrifies? 
In porcelain consisting only of the three components— 
flint, feldspar and kaolin—fusion is simply the result of the 
formation of eutectic mixtures, and liquefaction of the 
excess feldspar both acting as the solvent for excess clay 
and flint. 


FLUXES AND FUSION. 











Pulieb deal ema 

BARN ee, 
LAS 
re 
Bai cscs 











Vig) & 

= 

= 

~ 
ee 
ee bee 

ie 
zn 


ater Day land | Are 
Percentage C onpos!Hor7 


ea ele 


Trans. Air. Cer. Soc. bol. XI11/ 


An 





pees Uy! asnyo1aOlsy 


1/600 
/500 
/300 
1200 
/100 
/00 
0 


An 
Ab 


FLUXES AND FUSION. Si 


There are a few physical-chemical changes in phases 
which occur in the fusion of porcelain mixtures that are 
of importance but which need not be involved in discussion 
of the nature of the fusion. The two most important 
of these changes are the inversion of quartz to tridymite, 
and decomposition of the kaolin into sillimanite and free 
silica. 

CAPITULATION. 


(1) We have defined a flux as that substance or mix- 
ture of substances which, in a given mixture, is the first 
to liquefy and become the solvent for the excess compo- 
nents: 

(2) We have defined fusion as the making fluid of 
a substance or mixture of substances, whether they be 
crystalline or amorphous. Fusion is a broader term than 
melting, in that melting has a definite temperature point 
while fusion may or may not have such a point. In crys- 
talline silicates, it is very difficult, but not always im- 
possible, to determine the melting point, their melting 
being so sluggish as to appear to be mere fusion without 
definite melting points. High viscosity of the melts and 
consequent difficult miscibility is responsible for this. 


PRACTICAL EXAMPLES. 


As practical examples, illustrating this new idea or 
definition of a flux, I will cite only two, and these, to avoid 
appearing biased, will not be of ‘my own findings. - 


Work by Simonies.—In Sprechsaal No. 30, ’07, Simonies 
published the following curves plotted on a triaxial dia- 
gram (see Fig. 3). The lines running in parallel diagonally 
actoss the diagram are those of equi-refractoriness. The 
line AB is what may be termed a eutectic axis; it is drawn 
from the clay-quartz eutectic to the feldspar apex. The 
numbers are the cone deformation points of the mixtures. 

Attention is especially directed to the fact that the 
equi-refractory curves slope toward the quartz apex 
Untimthey intersect the eutectic ‘axis, then’ they swing 
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almost at right angles to their former direction. This 
is taken as evidence that in these mixtures we have two 
fixes 211 ) feldspar, (2) the clay-quartz eutectic. Simonies 
did not find a feldspar-quartz eutectic. 


Trans. Am. Cer. Sac. Vol. X/1/ Purdy 
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Work by Rieke.—In a similar way, I have drawn curves 
representing results obtained by Dr. R. Rieke and published 
in}oprechsaal, Nos. 15-17, 07 (hig. 2). 

In this case we, havea eutectic sarea which»extends 
from the Magnesite-Kaolin eutectic in a diagonal direction, 
being influenced in this by the kaolin-quartz and the 
Mgsi0.,-quartz eutectics. 
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CONCLUSIONS. 


From these two cases, and they are typical of others 
that are known, it is quite evident that the old idea of a 
flux is not sufficient to explain these eutectic axes. In 
the case of clay-feldspar-flint mixtures, feldspar is the pri- 
mary flux, being aided in provoking solution by the clay- 
qitantZecutectic, twwhich: serves'.as a secondary. flux. + In 
the case of magnesite-clay-quartz mixtures, none of the 
original components is the flux. In this, either the mag- 
nesite-clay or magnesite-quartz or possibly a_ eutectic 
between some magnesium, aluminun-silicate and MgSiO, 
is the real flux. If MgO was the flux, we would have had 
the eutectic axis projected from the MgCO, apex. 
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In the same way it could be shown that in similar ceramic 
mixtures, calcium oxide is never the flux. 

The -flux in complicated. silicate fusions. is rarely a 
basic oxide. | 

We have had instances in our transactions where 
kaolin appeared to flux the mixture to which it was added, 
as, for instance, when added to a shale. We have had 
numerous instances in which flint appeared to act as a 
flux. Seger, when making his experiments which led to 
the development of his pyrometric cone Series, observed 
similar instances and commented on the fact that they 
were not in accord with the established notion of a flux. 
We have had several declarations to the effect ‘‘that evi- 
dently we will have to change our definition of the character 
and properties of flux and refractory substances.” 


Personally, I am not in sympathy with attempts to 
classify ceramic materials into fluxes and refractories, 
simply because the fluxing action in a given mixture is a 
straight line proposition between the components ' involved 
only when the components form trsomorphous mixtures. 
In the large majority of cases, any component present in 
excess of that required to form a eutectic serves as a re- 
fractory constituent whether that constituent be basic or 
acid in character or whether when melted or fused alone 
it be easily fusible or refractory. How. many of, us7can 
recall our surprise in not finding fluorspar an active “‘flux’’ 
in engobes and slips? 

I argue for willingness to abandon old ideas whenever 
sufficient reason for doing so is advanced. I feel that we 
have in the past been wrong in our conception of fluxes 
and fusions and urge the adoption of that definition which 
will find the fewest conceptions. The definition for fusion 
given here is the same as the one so often given by physical 
chemists. The definition for fluxes is not new in the funda- 
mental principle and conception but it is new in regard 
to limitations. 





1 Bleininger and Moore, ‘rans. A. C. S., Vol. XI, p. 332. 
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Note Prepared after Having Read the Paper. 

Mr. Kerr: I agree with Prof. Purdy in the stand he 
has taken in considering the action of fluxes in ceramic 
mixtures. Physical chemistry has made wonderful strides 
in the past decade, and in the future the results obtained 
by physical chemists promise to be even more epoch- 
making than any that have been obtained to date. The 
physical chemistry of the silicates is the most difficult 
part of the field, but some inroads have already been made 
and we have every reason to believe that the near future 
will bring forth results that will mark great advances in 
solving the riddles of ceramic chemistry. 

Prof. Purdy has well pointed out studies in physical 
chemistry which have already been successfully completed, 
and which force us to abandon the idea we formerly held 
that a flux was a material which when added to a ceramic 
mixture, would set up a general attack upon the whole mix- 
ture and cause it to fuse at a lower temperature than would 
otherwise bé required to bring about fusion. We must 
adopt the new idea consistent with the laws of physical 
chemistry that a flux is that part of a ceramic mixture 
which is the first to become liquid and which then dissolves 
or tends to dissolve those components which are present 
Weeexcccs. yl hewiux vis seldom: any. one of the ‘ original 
ingredients in the form in which it was added. Sometimes 
itis -asscoimpound <tormed by chemical reaction from 
(ie noricindmeinoredients.. But in: ‘commercial ‘ceramic 
bodies it is probable that practically all of the real fluxing 
constituents are eutectics formed between certain ones 
of the various components present. There usually are, of 
course, chemical reactions to be taken into account, but 
we are compelled to believe that the physical solution 
processes which occur with and follow the chemical re- 
actions are the real fluxing phenomena. 

There are many obstacles presented to the student of 
silicate chemistry, and probably the chief one of these is 
the extremely high viscosity of silicate melts. A fusion 
which is only change of viscosity must not be mistaken for 
an actual melting. Prof. Purdy has called attention to this. 


RANGE IN COMPOSITION OF GLAZED WHITE WARE 
BODIES MADE FROM CLAY, FELDSPAR AND FLINT. 


By Ross C. Purpy, Columbus, Ohio. 


White ware body compositions, in many writings, 
have been classified industrially on basis of their relative 
absorption without regard to their biscuit heat treatment. 
It is not necessary to give references to writings in which 
this basis of classification has been used for it is easy to 
prove that the arguments on which such a classification 
is based are far from being sound either technically or 
practically, but without discussing this question directly, I 
will briefly state the requirements in the principal white ware 
bodies before attempting to outline the proposed classifica- 
tion. 

The industries using compounded white bodies of the 
type here experimented with, may be grouped as follows: 

(A) Porcelain, china, hbelleek. 

(B) General white ware and decorative ware. 

(C) Majolica. 

(D) Wall tile and dry pressed electrical insulators. 


PORCELAIN CHINA AND BELLEEK. 


(1) The ‘‘body’’ of wares known as porcelain, china 
and belleek is vztvified either in the bisque or glost fire. 

(2) All china and belleek bodies must have a high 
degree of translucency, but for porcelain, this is important 
only in the finer pottery wares. 

(3) The bodies used in manufacture of belleek and 
china and in porcelain pottery must permit of casting 
or jiggering into thin wares, and especially is this impor- 
tant in the manufacture of, the type of belleck here teterred 
to, 7. e., those made without a fritt as one of the body con- 
stituents. ye 

(4) For all these wares, whether made thin or thick, 
the body should have low drying and burning shrinkage. 

(5) For all wares of this group, the burned bodies 
must be free from color. For those used in manufacture 
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of glazed porcelain of heavy construction, this requirement 
is the least imperative and for those used in china and 
belleek most imperative. 

(6) With the exception of porcelain for floor tile, and 
finer china bodies for bas reliefs, these bodies are glazed. 
The porcelain are glazed with a mixture that is very similar 
in constitution to the body, but made more fusible by 
addition of whiting and zinc. 


The china and belleek are glazed with a fritted lead 
boracic acid glaze which in most cases mature at cones 
ranging from 1 to 3. 

The most essential difference between china and por- 
celain, aside from the glaze used, lies in the fact that porce- 
lain are dipped either in the unburned condition, making 
what 1s termed “one-fire ware,’ or after having been bis- 
cuited at least four or more cones lower than the glost 
heat treatment and sometimes as low as cone o1o, either 
of these procedures resulting in simultaneous maturing 
Oiegkize and body “In,case-o1-china and belleek, on: the 
other hand, the biscuit heat is sufficient to mature the body 
(thoroughly vitrified), the biscuit then being covered with 
comparatively easily fusible fritted glaze at a heat treat- 
ment four or more cones lower than that of the biscuit. 


These differences (a) in character or constitution of 
Miewelaze wn )in -dearee of. vitrification .of -biscuit. prior 
ijmeneCwapoNecationg a .tie  claze; (cy in: relative intensity 
Gmeclosts aldwhiscint. beat. treatment, demand the..con- 
sideration of many factors and the study of data obtained 
with many glazed body combinations before limitations of 
areanol Dody: variations, characterized by “glaze: fit,’’ can 
be determined for each of the wares of this group. The 
ates Omit sootainenl. with, ching or C. C. bodies do: not 
hold for porcelain where a different type of glaze is used. 


Those bodies of the present investigation which were 
Mittiiedmitetieubiscnit burn, and then glazed, may be 
considered as conforming to the practice prevailing in 
the manufacture of china and the frittless belleek. 
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GENERAL WHITE WARE AND DECORATIVE WARE. 

(1) The biscuit for these wares have an absorption 
ranging from 1 to 7 per cent. Most ‘‘general white ware’’ 
manufacturers».in 4 this country. =make 4. whitey cranive:” 
or ‘‘semi-porcelain,’’ which approach, in most properties, 
to china. In white granite, the absorption of the biscuit 
is low! (41 to. 2-perAcent.)7  Mathe -heaviermeheapmiorce 
and restaurant ware, known as “C. C.,’’ the body is not 
so close, .in-its: properties; to china. ny these, thecabsoup: 
tion runs high (7 per cent.). Biscuit for over-glaze deco- 
rated jardineers are made from bodies similar to C. C. biscuit. 

(2) For white granite, the body should be naturally 
white or rendered white by the use of a cobalt stain. Color 
in C. C. body is not a matter of much consideration. 

(3) In the manufacture of white granite (or semi- 
porcelain) the, biscuit fire. gemerally. exceeds tiess7 ost 
heat-treatment by 2 to 4 cones... In the manutacture of CoC, 
ware, the biscuit and glost heat treatment are often identical. 

(4) Fair translucency is required in white granite 
butenot in thesC ac Gwares, 

(5) The working properties of these bodies must 
be such as to permit the formation into wares by jiggering. 
Owing to the fact that the white granite bodies are made 
into thiner wares, they require more attention in this re- 
spect than do the Cy Grepodies. 

(6) Summarizing the requirements of bodies included 
in this group, we have: 

















Properties White granite CAC: 
Vitrification. 1 to 3% absorption at 2 to 7% absorption 
cones 4 to 8. at cone 4. 
Translucency. | Fair. Not required. 
Working properties. Must be sufficiently plastic to jigger well and 
have sufficient bonding power to dry well. 
Shrinkage. Should not exceed in Total shrinkage not 
total shrinkage 10%. of importance. 
Color. Fair. Not important. 
Glazing. Bodies for white granite require larger “Area 





of fit’? than do the C. C. bodies. 
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MAJOLICA. 


(1) In America, bodies used in majolica (ware covered 
with colored glazes) are quite similar to the C. C. bodies 
of the preceding group, in fact, the two groups overlap 
considerably. The majolica body can be more porous than 
any of the bodies previously considered. 

(2) The biscuit heat treatment rarely, if ever, exceeds 
cone 4. Cone 1 or cone 2 is the most commonly practiced 
biscuit heat treatment. 

(3) The glaze ordinarily used on this class of ware 
is known as ‘‘raw lead,’’ fritted glazes being used only to 
obtain special color effects. With raw lead glaze, the 
burden of the responsibility in maintaining a large area 
of ‘‘fit,’’ falls on the body composition, economic factory 
practice requiring that the body must be so constituted 
as to permit of a variety in types of glaze used. 

(4) Inasmuch as the usual biscuit heat treatment 
is lower than that of C: C. ware, and, since the glazes used 
are varied in constitution, it is essential that none of the 
bodies should lie close to the boundary line of the ‘‘glaze 
fit’? area obtained in this investigation. 


WALL TILE. 


The biscuit for wall tile has requirements that do not 
prevail in pottery industries. These requirements are: 


Gi) Color:—-Must: be uniform; +. .¢.,- free from dark 
specks and discolorations, but need not be pure white. 
Cobalt stain is rarely, if ever, used to counteract the yellow 
tint produced by the iron and titanium in the materials 
used, for in dry pressing, the surface of the ware beingrougher, 
the tints produced by these colorants are not so prominent 
as on the smooth surface of the plastic made wares. 


(2) Working Properties.—Owing to the fact that wall 
tile is made by the dry press process, it does not require 
the plasticity or bonding power which is so essential in 
pottery bodies. For this reason the proportion of china 
to ball clay may be greater. 
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(3) Absorption.— Wall tile can have greater porosity, 
2. e., higher absorption, than any of the bodies so far con- 
sidered, but it is better practice, however, to have as 
low absorption as possible. Most wall tile biscuit has an 
absorption of 5 to ro per cent. 

When the porosity is great, 15 per cent. or ‘more, 
special glazes must be used. For example, the glaze used 
in these experiments when applied to a commercial wall 
tile having a large porosity, and burned in the gas kiln 
glost burn,,..did; not, mature), im fact,. it-apparently. dis- 
appeared .entitely, from. othe ssupracer oy the tile cece 
Cas; Trans eVol. Tapas 3): 

Tile with high porosity does not possess special ad- 
vantages in any way over those of low porosity. High 
porosity in itself has no advantage in the fitting of a glaze 
or- in the’ -adherencetom ther tiemto,.cemeit 5) tw asme ic 
disadvantage of giving opportunity for absorption and 
crystallization of salts from the cement, causing the glaze 
LO FChaze. 

Wall tile biscuit can have, all other things considered, 
an absorption as low as 6 or 8 per cent. 

(4) Warping.—In the foregoing paragraph it was 
stated that ‘‘all other things considered,’ absorption for 
wall. tile: may. be «as low .ase6, 01-75 perm cent onle 
of the most important things to be considered in this con- 
nection is buckling. Buckling in wall tile is the bowing up 
of the tile.in the glost fire. The tile may be® petiectly 
straight in the biscuit and yet buckle up considerably 
Ini -thes. close. 

The exact cause of this specie of warping is not known. 
Sufficient evidence is at hand, however, to state that 
biscuit, high in feldspar (over 15 per cent.), are very apt 
to warp, in fact, tile containing only 10 per cent. feldspar 
have been known to warp. If the best proportion of 
flint and clay, and the best combination of clays, be used, 
the feldspar may and usually does amount to 15 per cent. 
of the batch, but, as a rule, the feldspar content should 
be kept as low as possible. 
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If low porosity can be obtained with a heat treatment 
that is economically feasible, and with a content of feld- 
spar low enough to avoid likelihood of warping, it would 
be more desirable than high porosity. 

(5) Glaze Fit.—The wall tile body must lie well within 
the area of the fit for the glaze used. While much of the 
controleoijtherextent of; ‘area of fit” lies in the glaze, it is 
important that the body should be so constituted as to 
permit of the use of a large variety of glazes. 

(6) Strength.—A wall tile biscuit made from feld- 
spar, clay and flint may meet all the requirements so far 
as color, glaze fit, and minimum lability to warp are 
concerned and yet have so little strength as to cause heavy 
loss in shipping and laying. Feldspar bodies are notoriously 
weaker than Cornwall stone bodies, hence, in many of the 
American wall tile factories we find that Cornwall stone 
has largely replaced feldspar as the ‘‘body flux.” These 
mixtures are not included in the present discussion. 


LIMITS OF BODY COMPOSITION. 


Pottery.—-It is of interest to note that the white ware 
potter’s old rule (which is adhered to quite closely in prac- 
tice) is that the proportions of body ingredients can not 
vary widely from: 

12 clay 
9 flint 
4 feldspar 


25 

This narrow range of possible body variation found 
im= practice ts caused by anany: factors other than glaze 
fepas. 1or7instance: 

(a) Sufficient clay to give requisite working proper- 
ties in the plastic, yet not enough to cause difficulty in 
filter-pressing or to cause excessive shrinkage. 

(b) Feldspar content not so high as to cause warping 
and yet sufficient to cause the required degree of vitrifica- 
tion. 
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(c) Sufficient flint and china clay to give whiteness 
and surface texture. Since both feldspar and ball clay 
give color, effort should be made to have the contents 
of flint and china clay as high as possible. 

With all of these limiting factors in mind, the paral- 
lelogram A, B, C, D, has been shown on Fig. 1 as indicating 
the practical range in body composition for white wares. 


Trans. Arn. Cer Soc Vol X/// Furdy 
Feldspar 






® Graze Boundry (Cone 9) Class // 


@) Craze Boundry (Cone 10) Hecht 
@ Stier Boundry 
Not tested at Cone Biscui 


Flint Clay 


The sides AD and BC show the limit of clay content 
(40 + to 52 + %); the side AB and DC show the limit of 
feldspar content (8 + to 20 + %) while the length of the 
diagonal BD indicates the range of variation (52 — 30%) in 
flint which would follow as a consequence of the above 
variation in clay or feldspar. The point on this diagonal 
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marked by a star corresponds to the body composition 
given in the potter’s rule before quoted. 

Since the corner B of the parallelogram lies close to 
the boundary between the fit and craze area as found by 
us and since it would lie within the craze area as deter- 
mined separately by Hecht, Weelans, and Purdy with widely 
different body materials, glaze composition and firing 
conditions, etc., it is obvious that the bodies lying within 
the triangle ABC are more likely to craze, and will not be 
much more plastic and will not be as free from iron colora- 
tienas the bodies in the’ triangle ACD)’ The bodies in’ the 
triangle ACD would, therefore, be better for the plastic 
white ware manufacturing processes than would those in 
the triangle ABC. 

Dry Press Ware.—For white wares made by dry press 
processes the considerations are somewhat different than 
for those made by plastic processes, and to adequately 
discuss the limits of variation in dry press white ware 
body compositions, these wares will be divided into two 
groups: 

(a) Vitrified and of complicated design (electrical 
insulators). 

(b) Not vitrified and of simple design (wall tile). 
All bodies lying within the parallelogram FACE (in dotted 
lines) would (so far as body composition is concerned) be 
tree irom! glaze ‘defects. 

Bodies within the parallelogram GACD no doubt 
would be best for wares of the first group, such as elec- 
trical insulators of complicated design made by dry pressing. 
They contain sufficient clay to bond the mass when pressed 
and they lie safely within the ‘‘fit’” area. They may not 
vitrify as easily as required under some factory condi- 
tions, hence, as a more vitreous area, we have I, J, C, H, 
G, in which the clay-flint ratios remain the same as before. 
In other words, area I, J, C, H, G results from addition 
of feldspar to the bodies in area G, A, C, H. On these 
higher feldspar bodies, however, it is customary to use 
glazes of the porcelain type rather than a fritted glaze. 
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For the ware of the second group (wall tile), biscuit 
bodies within the triangle FCE are no doubt the best. 
Low feldspar to obviate buckling, and high flint to give 
whiteness and low shrinkage and just sufficient clay (mainly 
kaolin) to give the strength required for safe handling 
before biscuiting would be the features making these bodies 
desirable for wall tile. 


CONCLUDING REMARKS. 


(1) In the above discussions, attempt has been made 
to lay emphasis upon the fact that working properties, 
color, translucency and glaze fit under the several indus- 
trial conditions are the criteria upon which a classification 
of glazed white ware bodies must be based and that a 
classification based on relative absorption would not only 
lead one sadly astray, if required to produce a body for 
a given purpose, but would also include body mixtures 
that are utterly impossible under factory conditions. 

(2) The above discussions lead also to the very obvious 
conclusion that the possible range in variation in the 
glazed white ware bodies are very narrow and that the 
difference in formulae used by the manufacturer lies more 
in the combination of brands of clays, feldspar and flint 
than in the total ‘‘clay’’ or feldspar content. This is shown 
to be true in experiments reported by Ernest Mayer (Trans. 
A. Coe. Wol. INV, “pi 27)" HT anfeldspar-clay-tintsbody 
formulae has a value for a given purpose or is cherished 
as a trade secret for any reason, that value would lie wholly 
in the kinds of materials used and the peculiar proportioning 
of the several kinds. One potter’s china recipe contained 
nine clays, each in an odd proportion but that potter had 
reasons for the use of each of those clays, and for the pro- 
portional quantity of each, and valued his reasons at 
$1000.00. Yet when his formula was reduced to the simple 
terms of feldspar, clay and flint, it did not differ materially 
from that of his neighbor who was making an inferior ware. 

(3) Having the best possible combination of materials 
it is still possible to make inferior wares, and poor crafts- 
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manship need not necessarily be the cause. Proper biscuit 
and glost heat treatment, glaze composition and prepa- 
ration are essential to success in any glazed white ware 
industry. 

(4) Having defined one person’s idea of the limits of 
body composition for the several glazed white ware indus- 
tries, it is hoped that others will put their body formula 
in the simple terms of feldspar, clay and flint, thus aiding 
us to have in our transactions an accurate as well as a prac- 
tical statement of the limits of possible variations in body 
composition. 


DISCUSSION. 


Mr. Parmelee: I should like to ask whether the flint, 
feldspar and clay, as shown on the figure, are the ordinary 
commercial materials, or do those terms represent the 
composite mineral constitution of the materials used? 

Mr. Purdy: The clay, feldspar and flint, as indicated, 
were the commercial materials, no attempt being made 
to determine their mineral constitution. 

Mr. Parmelee: What is your opinion regarding the 
effect of the variations in the clay composition? 

Mr. Purdy: They would not materially alter the 
relative area of craze, fit, and shivering, and certainly not 
the limits of possible body variation for any particular 
kind of white ware product. A physical difference in the 
clays are just as apt to be effective in this respect. 

Mr. Parmelee: Do these variations, as outlined by 
the parallelograms, represent compositions successful at 
definite cone temperatures, that is, in the triangle ABC, 
for instance, do they represent definite temperatures? 

Mr. Purdy: Wehad separate bodies burned at definite 
heat limits. With the glaze used, the craze area was bounded 
by that line, and all the rest of it was fit, whether the bis- 
cuit was burned at cone 1 or cone 10. We know, however, 
that you must burn semi-china biscuit at cone 8 in order 
to get a good body. If another body mixture should 
require greater heat treatment, you must use a higher cone; 
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and if less, a lower cone; all, however, must be confined in 
that triangle. I have taken several formulae for bodies 
I know to be in use, and reduced them to the simple terms 
of clay, feldspar and flint; and they all fall in these areas. 
The diagram is not based altogether on our experimental 
results in the laboratory. 

Mr. Barringer: In the electrical porcelain area de- 
scribed, could not the flint be cut down considerably from 
a’ practical’ standpoint? — For instance, I notice thats your 
JiG triangle is well -over-the gouper cent: clay Jine; We 
plotted an area something like that, and then deliberately 
drew 40 per cent. and 60 per cent. clay lines through it, 
and took the area between these clay lines as being the 
most practical. 

Mr. Purdy: The extreme clay content in the area 
for electrical porcelain, shown on the diagram, is about 
60,and 22-per, cent, 

Mr. Barringer: Well, if you run over 60 per cent., 
you are apt to have sticking to the molds in dry process 
porcelain, and under-that,1t. does not. keep itsvshape 
Arbitrarily, therefore, we take between 40 per cent. and 
Gos per cent: | 

Mr. Purdy: I define as the area for your compli- 
cated electrical insulators as G-A-C-H, which has as limits 
in clay content 30 per cent. and 60 per cent.; but in simple 
designs, where you are using a feldspar glaze, you can pro- 
ject. your, bodies into; the area Gl)... toknow-ol sthreener 
four electrical porcelain plants using bodies located near 
the point J, but I have not heard of any using bodies located 
MEAL tue. PoOint~erl 

Mr. Barringer: I just spoke of that because I thought 
it was the outside limit. In the same way, to draw a prac- 
tical limit on feldspar or flint would probably narrow 
your limits considerably for these ingredients. 


THE RELATION BETWEEN THE ARTIST AND THE 
CHEMIST IN CERAMIC MANUFACTURE. 


By Herman C. MUELLER, Trenton, N. J. 


A ceramic piece of work consists of burnt clay shaped 
into form to serve a certain purpose. 

The production of a ceramic piece of work may there- 
fore be divided into the preparation and manipulation of 
the material, and the work of bringing it into the desired 
form. The first part comprises the work of the chemist, 
while the second part is done by the artist. The co-oper- 
ation of both brings the best results. 

If a chemist strives to produce combinations of color 
and texture which may support the ideas of the artist, and 
if on the other hand, the artist will try to make the most 
out of the material developed by the chemist, and con-.: 
ceive fitting applications, the co-operation is perfect, and 
the results can only be satisfactory. 

Each craft has limitations, and compromises are con- 
stantly asked for by each party engaged in co-operative 
work. It may be said that the work of the artist is by far 
the more pleasant of the two. He can always base his 
artistic-esthetic speculations on something tangible, on 
something which has already been developed as far as 
texture and color is concerned, and his work does not, there- 
fore, include experimental uncertainties. He can feel per- 
fectly sure that an object which he has in mind can be 
carried out without a hitch. 

The chemist is not as sure of his ground, as his work 
consists of constant experimenting, which may or may not 
bring the expected results, and which often involves vex- 
ing disappointments. 

The great difference in the work of the two crafts can 
easily be perceived in the great difference between the work- 
ers, and it is a well-known fact that artists and scientists 
have but seldom been close together. They.do not mix 
well, and to be plain about it, it may be said that they 
sometimes show a little contempt for each other. 


98 RELATION BETWEEN THE ARTIST AND CHEMIST. 


There have been men engaged in the production of 
pottery who combined practically all necessary knowledge, 
who were well acquainted with the material and who had 
a fine feeling for form and decoration. These men, however, 
were exceptional at all times, and in our era of specialization 
they become scarcer all the time, so that we may take the 
division of the work as an accomplished fact and try to 
make the best of it. 

Nearly all Ceramic Societies have been started and 
developed by the modern scientifically trained members of 
our craft, and the great service that these men have done 
our clay industries cannot be over-estimated. It is also 
easy to understand why these men came so readily together. 
Their training made them comrades from the very begin- 
ning, and as the technical problems are practically the same 
‘throughout the whole industry, a constant interchange of 
opinion and a desire to compare experiences made the 
formation of a Society an easy matter. 

The artists engaged in pottery work have, as a rule, 
not been very prominent as members of the Ceramic Socie- 
ties. This statement may apply to the Ceramic Societies 
of the world. 

This is not as it should be. If artists and chemists 
can and must co-operate in their daily work, they might as 
well co-operate in their deliberations as a group. ‘There 
are many reasons given for the aloofness of the artists. 
They lack, as a rule, the literary knowledge which the scien- 
tist possesses. Their work cannot be explained as readily 
as the work of the chemist, and consequently they feel that 
they are occupying the humiliating part of ‘‘fifth wheel’’ in 
the deliberations of the Ceramic Societies, especially as 
they cannot participate in the discussions about the com- 
bination of materials, and the various scientific problems 
presented in the meetings. They furthermore assert that 
considerations of form and decoration are seldom, if ever, 
touched during the meetings. 

We must admit that there is some truth in these state- 
ments, and we must also admit that it would be well if 
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Ceramic Societies would embrace all intelligent elements 
of the craft. As stated at the beginning, the ceramic art 
embraces matter and form, and the Ceramic Society which 
would unite the co-workers would naturally become stronger 
than a Society which only embraced certain specialties. 

If the’ work) :of: the’ chemist.is» benefited’ by? mutual 
intercourse, the work of the artist must also be improved, 
and I should think that it would be in interest of the manu- 
facturers to assist the Ceramic Societies by inducing their 
artists to become active members. To find and provide a 
place in the Association, by perhaps starting a separate 
section, which again might be subdivided, would perhaps 
solve the problem. 

Artists are, as a rule, valuable acquisitions to any 
society, for various reasons, and I may be permitted to 
express the hope that your Society will take this matter 
up sooner or later, for serious consideration. 

The clay industry of the United States has become a 
very important factor, and your Society has done meritori- 
ous work in more than one direction. It has acted as a 
pioneer in a technical direction, establishing the fact that 
the clay worker cannot depend any more upon the so-called 
practical workmen alone; that the old ‘‘thumb-rule’’is entirely 
too uncertain and antiquated for modern manufacture. 

While, therefore, the technical part of our work is 
rapidly developing, the same cannot be said of the artistic 
part, especially in consideration of our ordinary pottery. 
We have a few art potteries in the United States which 
are doing great work, but the potteries of utility ware are 
sadly lacking in ambition, as far as form and decoration are 
concerned. Many potteries which could well afford it either 
purchase their blocks and models from abroad, or simply 
use the same model over and over again. 

I feel sure that your society can do a great deal to help 
artistic development by making an effort to interest man- 
ufacturers and artists in its endeavors, and by constantly 
calling attention to the fact that nearly all clay work 
depends on its decorative qualities. 
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Statistics show that a great amount of artistic pottery 
ware is constantly imported from Europe, and unless we 
exert ourselves to develop the artistic merit of our own 
work in our own way, and according to our own taste, we 
can never hope to raise our clay industry to the same 
artistic level it has attained in Europe. wie 

The desire to grow in this direction is manifest. Indus- 
trial Art Schools are established in various parts of the 
country, and the general public shows its awakening inter- 
est in the higher’ technical and artistic training of our 
workmen. The manufacturers, however, who play the 
most conspicuous part in this direction in Europe, do not 
show the desired ambition in this country, and many of 
them think that artistic work does not pay. 

It will not pay as long as we have to draw on Europe 
for artistic skill, but as soon as we are able to develop our own 
artisans and artists, it will surely pay every one concerned. 

Expressing the wish that my suggestions may meet 
with your favorable consideration, I will close with a 
hearty wish for the prosperity of your estimable society. 


DISCUSSION. 


Mr. Binns: There is. a good deal of truth in what 
Mr. Mueller says, yet when you analyze the question, you 
are forced to one of several conclusions. I do not know 
of any occasion, in any part of the world, on which artists 
come together to discuss subjects of this kind from the artis- 
tic standpoint. There are exhibitions of paintings and 
there are art schools, but where do you have a society of 
artists who come together to discuss the matters of tech- 
nique? The fact is, it would be a practical impossibility 
to secure agreement among artists. The artist isa man who 
is sure of himself, hence, naturally impatient of the expres- 
sions of opinion on the part of another man. 

There is another thing to be considered. Suppose 
that one of us were to discuss an art subject. Such a 
subject is worth nothing without illustrations. For this 
purpose, he might bring his own work, and then he would 
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lay himself open to the charge of self-glorification, and if 
he should bring the work of some one else, he would lay 
himself open to the charge of envy. We are between the 
devil and the deep sea. Busy as we are, it would be dif- 
ficult to give such a subject the attention that it deserves. 
I think that it would be a nice thing if we could have, in 
an impersonal way, something of this kind to discuss, but 
an impersonal discussion would be a difficult thing to 
secure. We must have either our own or others’ products 
to illustrate our remarks. 

Moreover, our Transactions are now as full as they can 
be made, and it is all that we can do to handle the things as 
they come. The real remedy, I think, is in the personal 
endeavor of each member of the Society to improve his own 
product, if he has one, in this direction. In this connection, 
I may add that our efforts in the direction of improving 
quality in body are as truly artistic as any in regard to 
improvement in design or drawing. 


REPORT OF THE COMMITTEE ON CLASSIFICATION OF 
WHITE WARE. 


By CHARLES WEELANS, Chairman, and HarrI- 
SON E. ASHLEY. 


Mr. President: Our Committee is able at this time to 
make only a partial report. 

Considerable work has been done, principally by our 
late friend and member, Mr. H. E. Ashley. The Committee 
realizes that they have lost its most valued member, and 
owing to this our report is not what it might have been. 

We set out to test all the different lines of white ware 
manufactured in the United States, and, for comparison a 
number of the wares manufactured in foreign countries. 

Our tests comprised the following: 


{Porosity and bulk specific gravity (immersion). 
Body test { Translucency (sieve). 


| Vitrification (red ink). 


{ Craze. 
Glaze ee Hardness or toughness. 


Our plan was to Secure from) each manuiacturer.a 
sample of the hardest and a sample of the lighter fired 
ware, the object of this being to arrive at a fair average 
of each class of product, and to determine, sit spossiblewa 
standard of merit within the possibility of attainment on 
the part of each manufacturer, and still be of such character 
as to permit of its acceptance after rigid examination on 
tne part of the users. 

In our efforts to secure samples for testing we have met 
with pronounced courtesy from the various manufacturers, 
but alack of desire on their part to furnish other than the 
best samples of their product was noticeable. 

We consider this, however, a mistake, for should we 
establish a standard secured by a test of their best samples 
only, it is evident that the run of ware would not be succes- 
ful in meeting that test. 

We think, therefore, when our aim and purpose is 
better understood there will be no hesitancy on the part 


REPORT ON CLASSIFICATION OF WHITE WARE. 103 


of the different manufacturers to furnish not only their 
best but their worst samples and in this way facilitate the 
work, the result of which would be much more satisfactory 
to all. 

We had hoped, in the course of our work, to also estab- 
lish these various tests of quality, making them simple and 
easily applied by any one at any and all points of destina- 
tion, if desired. 

Dispite the amount of work already done by our Com- 
‘mittee, we are yet unprepared to give a satisfactory and 
complete report, but should the Society think fit to con- 
tinue it, in all probability by our next meeting a more com- 
plete result might be looked for. 

Mr. Hurst will kindly explain in detail just what has 
been accomplished thus far and pass among the members 
of Mr. Ashley’s absorption test, explaining the composi- 
tion of the stain used. 


DATA ON WHITE WARE TEST.’ 


It was proposed by Mr. Ashley to make the following 
tests on the white ware samples collected by the committee. 
Such data as was obtained in the partially completed work 
is given below. 

Red Ink Test.—Bits of each sample were thoroughly 
dried and immersed in a red ink solution for eighteen hours. 
The depth of penetration was noted and the samples 
ranked according to their absorption. The results of the 
test appear in Table 1. The ink solution used was made 
up of 

5 gms. Eosine (Tetraiodofluorescein). 
25 cc. Ammonia. 
Ade CCl: NV ALE: 


ABSORPTION, POROSITY, SPECIFIC GRAVITY. 


Samples were dried thoroughly at 100° C., weighed, 
placed in a vacuum jar and exhausted till a vacuum of about 
28 inches of mercury was obtained. Water was admitted 


1 Prepared by Ralph K. Hursh by permission of the Director, Bureau of Standards. 
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to cover the pieces and they were boiled in vacuum for 


about 5 hours. 


The wet and suspended weights were 


then made and the per cent. absorption by weight, the 
porosity, bulk and apparent specific gravity were calculated. 


x 


W = Wet weight 


























Y Absorption = D x 100 D = Dry weight 
S = Weight suspended in water. 
Porosity = place x 100 
OS es cperceaaic 
D 
Bulk = eee 
Wi 
A ifi i s 
pparent specific gravity = D_s 
TABLE I. 
Red Ink Test. 
Rankin |Depthpene- 
ink test. tration. 
mm, 
I O Edges not colored, 
2 oO Edges very slightly tinted, 
3 oO Broken edges very slightly tinted, 
4 O Broken edges slightly tinted, 
5 O Broken edges slightly tinted, 
6 oO | Broken edges slightly tinted, 
7 O Broken edges slightly tinted, 
8 oO Edges clearly tinted, 
9 fe) Edges strongly tinted, 
IO 2 Edges strongly tinted, 
1 Ste 
12 15 | Less readily colored near glazed surface, 
13 =] | Layer o.4 mm. thick next glaze, wholly colored, 
14 | | 
15 | | 
16 | | Wholly colored, all practically alike. 
17 
| 


18 | | 


TRANSLUCENCY. 


The object in this test was not to obtain accurate 
c measurements but to determine the 


photometri 
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relative translucency of the specimens by means of 
a simple test which could easily be duplicated. After 
trying several devices a series of screens was used in which 
the diameter was about 1/4 the mesh. ‘These screens 
were placed at a distance of about 3 inches from an incan- 
descent electric light with a reflector and the whiteware 
samples held flat against the wires. The smallest mesh dis- 
tinguishable through a specimen was noted and the thick- 
Messwol the piece, ineasured. The curve in Hig. 1 shows 
the relation of the translucency determinations to the thick- 
ness of the specimen and indicates that this translucency 
is inversely proportional to the thickness. 


For this test a standard series of screens with regular 
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Numbers @at\ points \indicate 
rank it red ink sest. 









ay 






Taickness if) mm. 
; GW 


_N 





Esc onal eae 


106 REPORT ON CLASSIFICATION OF WHITE WARE. 


variations of size and a constant ratio in the diameter of 
the wire and width of opening might be adopted and used 
with a lamp of standard intensity. 






































TABLE II. 
2] gg | a. : aa 
E oe of a Coke | 8 
ae 6 é . ; ag | og 
SS iutice lu edb IPRS ian 
a 4 Oy = < H u 
I O O PREPAY. WANE ON SONG I 6-8 Ave 
I | 8 2.65 
2 O O 2.306 | 2.306 | 8-10 | 3.00 
3 O O 2.314 | 20314 | 20-40 }) £510 
3 12-20. etvigd. 3 
3 AP Win 5 | 
4 oO | O 2. BAO 452.340 8 3-35 
5. }.0..030 O.O71 2 ECAR Me Das 8 3.00 | 
5 SatOr| 2-05 
6 | 0.031 0,075 25 BOR Wine 3038 4-6 3.70 | Bisque. 
6 | 0.018 0.041 2922012 2220 4-6 4.00 | Glazed. 
FeO. Ol 0.032 287 Sa 2 ans Die 570 
8 | 0.028 0.067 2EGR 2 Dasa = ere 2.00 | Translucent. 
9 | 0.459 1.157 DBT Sl 2 S400 2,- 209 (ke Os 
9 AO e430 
IO 2.096 O55 5) 22 JO 2a665 
ite 2.295 5.200 uee 2052 aaze Stony, approaching 
conchoidal fracture. 
I 
i AaT2 G.O50. 2a bsO.in2a3 74 Stony fracture; 
: | large pores. 
13 4.544 9. GOON 22177. 2248 Stony fracture. 
14 62718) |'St4 S000) 100m 2. 5 a7 
15 S1305)) 177.430) |e Ase 20 
16 82673, | 48825405) Zora 2.625 
7) 9.878" 4204570.) 2. O83n 522025 
13 W.de8450 .|) 247.660" |, 1080) 827.630 | 

















CRAZING TEST. 


It was proposed to subject the specimens to alternate 
soaking in a hot solution of a salt and drying out in open 
air. This work had not been commenced. 
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COLOR DETERMINATION. 


This part of the work was turned over to Dr. P. G. 
Nutting, of the Bureau of Standards at Washington, for 
editing and will be reported by him. 


HARDNESS TESTS. 


Flat pieces were to be exposed to a sand blast test 
for the hardness determinations. The work on this had 
not been begun. 

DISCUSSION. 

Mr. Barringer: We place different limits in allowable 
percentage absorption on electrical insulators made by the 
wet and the dry process. This has some practical advan- 
tages. For instance, we know where to draw the line that 
marks the difference between a good and-a poor insulator. 
In the same way, by classifying white wares and studying 
them, it might be possible to differentiate wares of one 
character from those of another. 

Mr. Binns: This report is of extreme value to us all. 
It has just been suggested to me to ask the object of the 
investigation. What is this classification referred to? 


Mr. Stover: The question had been raised as to where 
the line should be drawn between C. C. ware, white gran- 
ite ware, semi-porcelain, and china. This caused us to 
make some investigation, that we might make a definition 
of one or the other kind of ware. I do not know that any 
commercial value was attached to the idea. It was more 
for the purpose of actually setting the limit. If the Com- 
mittee’s work does not in some way assist the man who 
runs a pottery, I cannot see that we have any particular 
reason to continue the investigation. 

Mr. Orton: Since this matter was brought up for 
discussion a year ago, an incident has come to pass that 
shows how such a report could be used, if it were avail- 
able. Some months ago I received an inquiry from an 
agent representing the Railroad Freight Classification Bu- 
reau asking me to indicate to him the proper classification 
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for freight purposes of the pottery products offered for 
transportation and giving me the classification then in use. 
Not having spent very much time in recent years on this 
phase of ceramic work, I hesitated to state an opinion, but 
as the matter was one of importance, and it had been brought 
before me as the representative of the American Ceramic 
Society, an organization which he thought should be 
competent to frame an answer, I wrote him that I would 
undertake to obtain the sentiment of some of the members 
of the Society. I then wrote a circular letter to seven repre- 
sentative men in the organization, stating the facts, and 
putting before them all the information that had been 
given to me, and asking them to criticize the document 
which I had drawn up representing my own views, or 
rather, my notion of a basis of argument. Replies came 
in in due course of time, and it was found that scarcely any 
of the writers agreed with me or with one another. Seven 
answers gave seven different sets of ideas on the subject. 
Being unable to harmonize their views into a coherent 
whole. I modified my own statement by what seemed the 
strongest suggestions that had been made and sent this 
modified document to my distinguished colleague, Professor 
Purdy, and asked him for his views on the point. 


Having read the document over, he got out several 
samples of different kinds of wares from our museum cases, 
and put them on the table. He then called up several 
men from the laboratory, who should have been at least 
more competent to form a judgment of the points involved 
than an ordinary freight agent, and asked them to classify 
these wares according to the proposed schedule. They 
could not classify them sharply or determine unanimously 
where any of the various pieces fell, and the document was 
returned with that answer. 


.., Here is. the situation>., The railroadsawant to deter 
mine how they are to classify wares. They needed technical 
assistance, and came to this Society for it; and I do not 
think they got very much help. The question is, in the 
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first place: Is the Society able to assist them, and, secondly, 
does it want to assist them? 

vy, sWecions: ol should Aike’ toast alittle further 
light upon why this work of classification was first enter- 
tained. Certain dealers and consumers insist upon cer- 
tain tests being applied to ware before acceptance. Some 
of these tests are beyond the manufacturer’s ability to 
meet successfully. The object of this committee’s work 
was to determine the tests which should be-applied to each 
separate ware according toits kind, and to classify the white 
wares and specify the tests which should be used as a basis 
of standardization of such a classification. 


Mr. Purdy: It we are attempting to lay down a basis 
for railroad classification, that is one proposition; if we are 
trying to distinguish between different kinds of pottery, 
so that the manufacturer may know whether for instance, 
he is making C. C. ware or china, that is another; and if we 
are endeavoring to develop tests for relative translucency, 
etc., that is still another. A railroad classification would 
not settle a dispute between two potters as to which one 
is making china and which C. C. ware, nor would a rail- 
road classification be based upon a red-ink test or on a dif- 
ference in translucency. 


There is a phase of the work that should be taken up, 
and that is a study of the Government requirements for 
different wares. Are the specifications too rigid in some 
cases, aS in sanitary ware? And, should the bars be let 
down to some extent? Are the government specifications 
on the right basis? If we can find anything wrong with 
the specifications used by the Government, which are now 
in print, we have a definite point to take up; but until the 
parties interested can show that the Government has made 
incorrect specifications, the Committee has no further work 
to do beyond that of developing scientific tests. 

I wish to move that a vote of thanks be given to the 
Committee who have so far carried on this work, and that 
they be requested to continue their work in the develop- 
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ment of the tests—not with any wish to standardize ware, 
but for the development of the tests per se. 

Mr. Burts second thati:motion’ of Mr: Purdyis. 214 
seems to me that there is a mass of good matter that the 
Society is anxious to get. I do not believe that the manu- 
facturers, as a whole, are afraid of the railroads: I do not 
see where that would develop into any great difficulty. 
The point made by Mr. Purdy is, however, a very good 
one—that we should get at this specification in our various 
materials. It. is true, fot,only an; white. ware, but.also, in 
any, others::..We; ought, to; have. a certain: specication: 
Demands coming from the architects and dealers are more 
and more urgent for quality. At the same time, there is a 
certain limit beyond which a manufacturer should not be 
forced to go. We should draw the line, and, as a Society, 
we could set the standard, and say that we approve of such 
and such quality... lf we can do-that, let. us try to do it. 
Then, if his ware is up to that standard, the manufacturer 
can go before the architects and say: ‘‘There is the stand- 
ard, and I have reached it.’’ If we can, through this 
Committee, develop this subject, I think that it would be 
a great shame to lose the chance; and I second Professor 
Purdy’s motion sincerely. (Motion carried.) 


THE MEASUREMENT OF COLOR OF WHITE WARE AND 
WHITE WARE MATERIALS.’ 


By Harrison E. ASHLEY. 


White wares differ in color in either hue or shade or 
both. Hue refers to the quality, shade or tint to the 
quantity of light reflected from the ware. Thus we have 
buff, gray, slate, etc., hues each in various shades up to 
Piuleawiitendid tevecting 50,60, 7O. per cent. of the light 
reflected by the pure white. The determination and the 
specification of the pure color must then ultimately be in 
terms of the relative quality and intensity of the light 
reflected from the specimen. 

In theory, the color of white ware should be determined 
by comparing the light reflected from it with the light fall- 
ing upon it, a spectrophotometer being used to spread a 
sample of each light out into spectrum and to measure the 
relative intensities of these spectra at each point. In prac- 
tice, this method gives spectra too faint for the determina- 
tions of high precision necessary. 

In practice, the eye can just detect differences in light 
intensity of about 1 1/2 per cent. Samples differing by 
less than that amount in reflecting power are in effect of 
the same shade. This photometric sensibility (1.5 +) is 
further independent of intensity over a wide range of mod- 
erate intensities (Fechner’s Law), practically independent 
of color (K6nig’s. Law) and is the same for white and for 
monochromatic light. The uncertainty. in a. series of 
photometric reading is from 0.5 to 0.7 per cent., roughly 
half the photometric sensibility. 

In determining the colors of unknown whitewares, no 
method can excel in sensibility or ease the direct compari- 
son with a graduated series of standard samples, all of the 
same hue. The chief objection to this method is that the 
standard samples cannot be accurately reproduced nor 





1 This paper was prepared for publication by P. G. Nutting from notes and an out- 
line of the intended paper prepared by the author shortly before his death. 
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even copied with desirable precision. Their reflecting 
powers (shades) may be determined to about 1/2 per cent. 

The use of three color instruments for determining 
both hue and shade has been proposed. The Ives ‘‘Uni- 
versal Colorimeter”’ is of this type.’ Light from three slits, 
covered with red, blue and green screens, is mixed in varied 
proportions until a match with the unknown sample is 
secured. Three scales give the proportions of light of each 
color used to secure a match. This instrument is not suf- 
ficiently sensitive or precise for determining the barely 
perceptible differences in hue and shade occurring in cer- 
aAmics. , 

Single Color Standards.—In the Lovibond ‘‘Tintom- 
eter,’ the adjustments of color are made by adding suc- 
cessive, colored. ‘glasses tothe stube; of the, instrument, 
These glasses are empirically made in steps corresponding 
to the least color differences that the eye is able to. per- 
ceive. Their value, like that of the, Seger cones for -heat 
measurement, depends on careful manufacture and accu- 
rate standardization. ‘They are reference points, not abso- 
lute. measures of -light:.;G) eA. Kerr sstates. that) wien 
used by different members of the American Leather Chem- 
ists’ Association, it gave very discrepant results. This may 
have been due in part to the lack of skill in securing a 
proper white light for the comparisons. As the instru- 
ment is adapted to give sharp readings for very delicate 
shades, it is much more promising for ceramic purposes 
than the Ives apparatus. 3 

Ashley’s* color standards, prepared by making various 
mixtures of light and dark clay, supply a method of proved 
value for pottery purposes, but with certain disadvantages. 

He found it necessary to make a gray series for ball 
clays, and a buff series for china clays. A pink series for 
certain of the china clays would have made the compari- 





1 See Chem. Abs., 1, 2963; 2, 610. 

2 Pottery Gazette, 65, pp. 1269-71, 1910; also Joseph W. Lovibond, An Introduction 
to the Study of Color Phenomena. 

3 J. Am. Leather Chem. Assoc., 4, pp. 1-9; Chem. Abs., 4, p. 526, 1910. 

4 Trans. Am. Ceramic Society, 9, p. 56, 1907. 
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sons less difficult. These standards were not suitable for 
measuring the color of whiteware bodies (greenish or blu- 
ish tinted). 

As all commercial clays vary in color, a large quantity 
of standards should be made up at one time, if standard 
WeLemta be .cenerally adopted.+) In order to keep. ‘stich 
standards clean, it is necessary to glaze them. Each glaze 
superimposes its own color (shade) upon the clay standard, 
so that the same clay base glazed at different potteries 
would not have the same values. Hence for valuing clays, 
each pottery should apply its own glaze to the standards 
and to the clays ‘tested (assuming that it keeps its glaze 
composition always the same). But for comparing prod- 
ucts, all the standards should have the same glaze. 

A further disadvantage of glazed standards is crazing. 
This will apparently darken the piece, and so lead to false 
indications. It cannot be well avoided in a series of clay 
standards. 

These considerations make it appear unfeasible for a 
central bureau to prepare and issue clay color standards. 


An alternative is for manufacturers to prepare such 
color standards as best suit their materials and submit 
them for standardization. 


Dr. Nutting has investigated the possibility of this 
by measurements upon Ashley’s gray and buff color series, 
using the Marten’s photometer! (see Fig. 1). 

The results are given in terms of the whitest clay in 
the color standards, taken as 100, and total darkness, taken 
as O, and give not color, but shade. Fig. 1 shows the total 
variations in the readings made (read as angles through 
which a prism is rotated), hence the extreme possible error. 
Dr. Nutting is having made a modification of the Mar- 
ten instrument, with which it will be possible considerably 
to reduce the error of duplicate readings. . 





1 Sold by Franz Schmidt and Haensch, Berlin, described in Verh. d. d. Phys. Ges‘ 
pp. 204-208, 1899. 
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TABLE I. 


I15 


Relative diffuse reflection from two sets of Ashley ceramic shade standards. 

















“Av? mixed with “Tenn. 3.’ “Ar” mixed with “G & S.”’ 

100% AI, o% Tenn. 100% Refi. 100% A T,.).0% G&S “100% Ref. 
90% AI, 10% Tenn. 94% Red. 0077 A 1, 10%, G&S 7 06%-Refl. 
80% AI, 20% Tenn. 89% Refl. 80% Al, 20% GkS 93% Ref. 
FOVoA I; 307, Lenn.” 86% Refi, 70% Al, 320% G&S 85% Red. 
60% AI, 40% Tenn. 84% Refl. 607 A 1 4071 G'& SS: 83%, Refi. 
BOUAGLAMso%, Tenn, (827, Refi: 50% Alp §a% G&es «81% Refi: 
40% AI, 60% Tenn. 81% Refi. 40% Al, 600%G&S 76% Refl. 
30% AI, 70% Tenn. 79% Refi. 20 Joes Le 7OVo G06 92 a7 5pm Ren: 
2077 Aj, 80% ‘Tenn. ~77% Refi. 207% AL,” 80% G&S’ °60% Refl. 
10% Al, 90% Tenn. 75% Refl. | 10%AI, 909%G&S 64% Refi. 

o% AI, 100% Tenn. 74% Refi. o% Al, 10%GkS 58% Refl. 


Dr. Nutting has also measured the shade of the sam- 
ples of whiteware collected by Mr. Weelans, with the fol- 
lowing results: 




















Coefficient of diffuse 
reflection, relative 
to Ashley 100 AI 
standard white. 

i) paveek henox- Trenton; (br. tio ee oe re ws 0.82 + 0.02 
Dmar apa neccrs Iiflaen er. te Were iets se. Cyt kak g eO308. "E7102 
Steet IMAG aia eee oe Cy hry Aa ahaha Waa 0.79 + 0.02 
Vale rereneuields Maveland cn cece os ee ke ©. 802.0202 
Ri OlencUind es brentGiel OtLery, CON, 5 secede 0.91 + 0.02 
Sap bonescnina, Lenox renton «8 07). so, 0102 =F .02 
uae HITIA Lely Cl he een eae. Goch e =, Bae eha leis Bcc: 0.74 + 0.02 
8 | Lamberton China, Maddock Pottery Co....... | 0.73 + 0.02 
g | Vitreous Lavatory, Thos. Maddock & Sons Co. | 0.85 + 0.02 
Lowe vitreous China, Cook Pottery Co. 2. 2.3). sss O87 ode O02 
Die eLrarerny Wiese WLOLGs Soli ars x ota hae wierd hee 0.80 + 0.02 
inieiseoulng Vitreous;: |. kK... Mott: Co... 2S). 0.79 + 0.02 

13 |. Regular Vitreous, Trenton Pottery Co........ 0.68 (Sample un- 
| satisfactory) 

A OOle VLRCONS c VLOTL qo medal De ch oustav ct sce OR 0.86 (Sample un- 

satisfactory) 
Lem OCH. VAtLeCOUSs yay. WIOCU CO fic. es aa. o wis oe es 0.85 (Sample un- 
satisfactory) 
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i6.|} Semi Vitreous, ‘Trenton: Pottery Co... 50: - 0.95 (Sample un- 
satisfactory) 
17 |:ssemi Vitreous, ING Y.-Pottery, Conia dota 0.89 + 2.02 
18: |-Semiii Porcelain, omer Laughlin a5 2p: « 0.93 + 2.02 
16: Warthen ware, Anchor Pettery ce. se) cae O28 722 Oe 
20 | Earthen ware, Cook Pottery Co-............. 0.84 + 2.02 
2 ivi Harthen ware, Mercer Rottery, Conm nas. wna 0.88 + 2.02 
22 | Tronstone ;AnchorsPotiery Comm se: eee | 0.88 + 2.02 


The results of this comparison of color measurements 
are tentative. Promise is given by the Lovibond instru- 
ment, as a series of reference points, suitable for future 
more accurate designation, as the Seger cones are now 
repeatedly standardized with each advance in high temper- 
ature . méeasurements., Or the ,,Marten> anstrument well 
probably serve satisfactorily to standardize works clay 
standards in terms that will be comparable from place to 
place, whatever the composition of clay and glaze employed. 

These observations indicate that a graduated series of 
reference shade standards can be prepared with sufficiently 
small and uniform steps for practical purposes, simply by 
careful mixing in definite proportions. They indicate fur- 
ther, the possibility of the direct calibration in reflecting 
power of such a graduated series of standards with suffi- 
cient precision for checking any one series or comparing 
one series with another. 


A METHOD OF CHARTING HEAT DISTRIBUTION IN KILNS. 
By WILLIAM CANNAN, JR., Syracuse, N. Y. 


Potters are learning to use “‘blind’’ as well as “‘sight”’ 
cones in order that they may know more about the dis- 
tribution of heat in their kilns. _ Formerly they used only 
such cones as were so placed as to be in sight at all times 
during the burning, but since the Seger cones are recorders 
only of the heat treatment effect to which they themselves 
are subjected; and since, to be in sight, they are liable to 
drafts or air currents to which the saggered wares are not 
subjected; and since these cones record time-temperature 
effect, a flame may, in a short time, cause a deformation of 
the sight cones that would not be commensurate with the 
heat treatment which the saggered ware receives, it is not 
surprising that sight cones are not always reliable indicators 
of the heat treatment which is given to the ware. Having 
found this condition of affairs, we placed cones in the sag- 
gers with the ware, making what we called “‘blind’’ cones, 
1. e., they could not be seen during the burning. These 
facts are not any more disparaging to the cone system of 
judging heat treatment than to the old Albany slip color 
trial, for both are rendered unreliable by the accidental as 
well as the consequential flame and draft effects. 

We can all recall the surprises of finding a bad or a 
good burn when, from the sight cones, we had expected 
just the opposite. Such instances are common experience. 
_ The cones on the inside of the sagger in general show less 
heat treatment than do those on the outside, but it often 
happens that the heat treatment (as registered by the 
cones) on the inside and outside of the saggers are identical 

There are so many factors that’effect uneven distri- 
bution that it is not always possible in a given case to 
determine what may have been the cause of these irregu- 
larities. Length of flame from a given coal is as inconstant 
a factor as is the pressure on natural yas lines, and variation 
in length of flame is a very powerful factor in production 
of unequal heat distribution. Since length of flame is pro- 
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portional to the volatile carbon in coals, and since the con- 
tent of volatile carbon in coals is altered by weathering, 
we have in the fuel itself a factor which may be a consider- 
able cause for these variations. Draft conditions, the con- 
dition of the heat gathering and circle flues, and that of the 
wheel and well hole, as well as the tightness of the bags, 
are important in this connection. Uniformity in the scotch- 
ing of the bungs not only in the same setting but from time 
to time is important, and especially is this true in the first 
ring on [hese -causes,,-and™ others. .ate,tora iWredinrexteat 
beyond the control of the burner. 

By studying the conditions attending each kiln, and 
careful attention to regularity in baiting, a fireman may, 
to alarge extent, become master of these situations. Before 
he becomes a master of these situations, however, he must 
have records of results obtained under the different firing 
conditions and it is on this that I wish to especially draw your 
attention. 

To go blindly on without records of firing conditions, 
heat distribution, and character of results, would be equiva- 
lent to making no attempt to become a good fireman or 
to reduce the percentage of loss of ware or of cost of burn- 
ing. Successful recording draft gauges, pyrometers, hydrom- 
eters and barometers are now on the market so that one 
can readily obtain records of all the conditions, aside from 
that of the character of the fuel and of the heat distribu- 
tion. The fuel question is one that should be studied. I 
am simply offering here a method whereby we studied the 
one phase of this kiln problem, 7. e., heat distribution. 

In Fig. 1 is shown a sample of the chart system we 
adopted for recording the heat distribution as shown by 
the sight and blind cones. 

This chart represents a vertical section of the inside of 
a kiln. At the bottom of the chart a space may be pro- 
vided for recording the condition of the ware, amount of 
fuel used and such other notes as concerns a history of the 
conditions and results attending a particular firing. 

We had small prints made representing seven differ- 


METHOD OF CHARTING HEAT DISTRIBUTION IN KILNS. I1gQ 


Trans. Am. Cer. Soc. Vol X/// Connar 





120 METHOD OF CHARTING HEAT DISTRIBUTION IN KILNS. 


ent stages in deformation of the four cones we used on 
each of the cone plaques. These prints were made on 
gummed paper so that the fireman could stick the appro- 
priate one in the several places on these charts. 

These cone prints were made in different colors, one 
color for sight cones and another for blind cones. 

We have had this system of kiln records in operation 
since 1909 and consider these as important as a record of — 
our business transactions. As a result of this detailed 
study of our firing conditions, we have not only greatly 
decreased our losses but have made our burnings so even 
in heat distribution as to considerably extend the setting 
limits ‘for the more. ‘delicate -ynderelaze- colors. 7 Inaiaet, 
we are now not afraid to set wares decorated with fine 
lines in chestnut-brown the full height of the kiln around 
the well hole. 


DISCUSSION. 


Mr. Burt: As I understand, Mr Cannan, you make 
this chart, and give the kiln-burner the chart of the pre- 
vious firing. We give the mana running chart, so that he 
cannot only have the chart of his previous burn, but also 
that of the one he is making, hour by hour. We give him 
the pyrometer with it, so that he may know each hour what 
he has had the previous hour. | 

One question that I want to ask Mr. Cannanis: ‘“‘What 
method does he use in determining which biscuit is short 
and which is note. Is it merely off-hand judgment, or did 
you develop a test to tell by? 

Mr. Cannan: The fireman jots down the peculiari- 
ties of the firing of the kiln so that the next time he fires 
that kiln he will have a note of what has happened with it 
béfore.” °: We fire “whole kilns: of umderglaze “decorated 
ware, and have chestnut-brown decorations around in the 
fourth ring. If this can be done, the kilns are under pretty 
good control. 

Mr.W. D. Gates: JT appreciate the necessity of that even 
though we have not had a self-recording pyrometer. There 
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is difficulty in getting a pyrometer that will stand the con- 
ditions. I remember that when we started using the 
Le Chatelier pyrometer, I gave a curve to the fireman to 
go by. I got some of the nicest curves you ever saw—so 
nice that the Art Department got jealous of the fireman, 
and we sent him to the Art Department. 

The element of individuality comes into this strongly. 
We have had a good many systems of charts for kiln- 
burners. The fireman, when anything went wrong, could 
always explain that it was not his fault. I think that the 
charts increase the difficulty; it is hard to get a man to 
follow them. Then, too, there is a strong tendency for 
the man to pay more attention to the charts than to the 
kiln; and I have a great respect for a man with a shovel 
who pays strict attention to that. If he does not pay 
enough attention to the shovel, the results are bad. 

Mr. Cannan: ‘These charts do not distract the man’s 
attention while firing. I think that a pyrometer is a good 
thing, if the fireman will use it; but it is of no good, if he 
will not. I believe we should pay as much attention to 
Mine work asctovany -otier part of the business... Itvis’a 
place where we put our money in; not to see it for three, 
four, or five days.- We must have something that enables 
the fireman to protect himself from blame, and these charts 
and other such records protect the fireman. If he has a 
good distribution of heat, something else than the fireman 
Mitch eve. wirone.. ii he has mot these, charts, they might 
say that the kiln was off-fired; and he could not protect 
himself. When he uses the chart, he will record the kiln 
when it is bad and when it is good. If he does this con- 
scientiously, you will have very few troubles from kiln- 
firing. 


THE CALCULATION OF CERAMIC MIXTURES. 
By Homer F. STaLEy, Columbus, O. 
- PURPOSE. 


Modern science attempts to view data from every 
standpoint, arranging and rearranging experimental results 
and considering each arrangement in the light of known 
laws applicable to,such an array: It then correlates the 
deductions obtained from the various methods of viewing 
the problem, and so finally, if the data is sufficiently ample 
and exact, lays down the laws governing the phenomena. 

Inasmuch as it is the general, although happily not 
the universal, custom of ceramists to view their data on 
ceramic mixtures in only one arrangement, the empirical 
formula, it is the purpose of this paper to call to mind some 
other methods of attack. I shall confine myself more par- 
ticularly to calculation of glaze and enamel mixtures, 
although the principles involved are for the most part appli- 
cable to body compositions. The methods I wish to dis- 
Clissare: 

I. Calculation “ftom “percentage “amounts on raw 
materials. 

II. Calculation from empirical formula. 

ITi. > Calculation trom. Norms. 
IV. Calculation from eutectics. 
V. Calculation from empirical physical factors. 


I. CALCULATION FROM PERCENTAGE AMOUNTS OF RAW 
MATERIALS. 


This needs but passing notice. It is essentially the 
same as calculating on the basis of a raw batch of given 
weight. It, the simplest of all methods, has. been sused 
for hundreds of years by men who were able to get results; 
and is still used. When the number of ingredients is few, 
and the variations to be made in composition are small, 
this system works fairly well. When the reverse is true, 
and especially when the amount of volatile matter varies, 
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the difficulties of drawing accurate conclusions as to the 
effect of variation in percentage amounts of raw batch 
become enormous. The mind of the man who attempts 
to work with complex batches is liable to become clogged 
with the mass of detail which he is called upon to remember. 

This method has one great advantage over the succeed- 
ing one in that it deals with the minerals as actually used, 
and not with oxides, many of which have no real existence 
in the minerals from which they are supposed to be derived. 
This enables one to make allowance for the physical prop- 
erties and conditions of the batch ingredients, a very impor- 
tant thing to do. 


II. CALCULATION FROM EMPIRICAL FORMULA. 


We object not to the use but to the abuse of the empir- 
ical formula. 

Concerning this method, Seger says:' “It must, there- 
fore, be stated in order to avoid errors of conception, that 
in this manner of expression, none of the different views of 
the constitutional groupings of the elements are antago- 
nized in the least, and that the formulae merely express that 
the elements indicated are present wm certain proportions, 
and it does this in a simple and graphic manner, from facts 
which can only be deduced from an analysis of the material.’’ 

Professor Orton,’ referring to empirical formulae says: 
‘These methods are merely mechanical aids to expression 
and are not in themselves a correct statement of chemical 
facts.”’ 

It is a decided disadvantage that the formulae are 
based on a recalculation of the gross analysis of the material, 
thus neglecting the mineralogical and physical condition in 
which the various elements are introduced. These neglected 
factors may be vastly more important when comparing 
two mixes than the formal similarity of ultimate analysis. 
This situation is of too common occurrence to need illus- 
tration or further comment. 





1 Collected Writings of Seger, Vol. II, page 562. 
2 Trans. Amer. Cer. Soc., Vol. III, page 80. See also Searle, ‘Sfrans. Eng. Cer. Soc., 
Vol. VIII, page 40. 
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If, to obviate this limitation, we try to work with 
empirical formulae, and at the same time keep in mind 
our batch, our problem becomes as complex as working 
with batch weights, thus annulling its one great advantage, 
2. €.,. its’ graphic: character..: Used in -this. way, .enmpirical 
formulae may be the means of hiding information rather 
than disseminating it. Addition of clay to a given glaze 
may be expressed in variation of the empirical formula of 
the glaze. It 1s much more siniply expressed by variation 
of batch weights. Rather than discuss variation in proper- 
ties ‘ascaused by variation: an: the ratio of ° RO ter R30; 
total RO to SiO;, and oxygen ratio, it would: seem mich 
more simple, and a great deal more accurate to discuss it 
for what it really is—addition of clay to a given glaze. 

As ceramists, we are fundamentally interested in the 
physical properties of our glazes and but little interested in 
their chemical constitution. There are, however, grave 
objections to forgetting this limitation and reading a chem- 
ical significance into deductions made from the use of em- 
pirical formulae. The reasoning of the few who make this 
mistake seems to be of the sort which follows: ‘Increase 
of basic oxides causes crazing. This substance causes 
crazing. Therefore, thisssubstatices mitct be actin vssasma 
base in this mixture.’  Or1r,—"*SiO, 18 an acid. . Increase of 
SiO, stops crazing. Increase of this substance stops craz- 
ing. Therefore, this substance acts as an acid in this mix- 
ture.” “Such “reasoning 415" “unwatratted, -[t/ would put 
fluorine, one of the strongest of acids, in the basic class. 
510, stops crazing, not because it is an acid, but because of 
certain physical properties which SiO, and some of its 
salts possess. In the same way FI causes crazing. Addi- 
tions of MgO and ZnO, strong bases, have been used to 
stop crazing in glazes. Addition of MgO has long been 
a standard method of stopping crazing in enamels. 

Any supposition that because glazes of a certain class 
conform roughly to a certain molecular ratio they must be 
alike chemically, seems to be another error of judgment. 
It can be shown by the application of experimental and 
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mineralogical data that with a given SiO, content, change 
in the R.O. induces change in the kind and amount of min- 
erals present in quite a kaleidoscopic manner. In fact, 
efforts to form such chemical likeness seem futile. We 
have little evidence to show that chemically similar substances 
have similar pyro-physical properties. Quite the contrary 
is evinced by the study of simple silicates, as for instance the 
orthosilicates of lead, sodium and calcium. There seems 
but little foundation in fact for erther of the conceptions that 
empirical formulae show chemical similarity of mxtures 
and that chemically similar mixtures should have like pyro- 
physical properties. 

Turning now to the points of advantage of calculation 
from empirical formula, we find only one, but that one is 
very weighty. It presents its data in a simple and graphic 
manner. 

As a system of calculation it is easy to learn, and one 
that may be applied to a wide variety of mixtures. And 
since any system of arranging a great mass of data in a 
systematic manner is better than no system, the general 
use of empirical formulae has resulted in a marked advance 
in our empirical knowledge of the general relations between 
the ultimate analysis of ceramic batches and their pyro- 
physical properties. Since these relations are not at all 
definite and fixed, the knowledge gained can never be of 
more than a very general character, and the conclusions 
drawn must often be very hazy and even contradictory in 
nature. 


Summary of Discussion on Calculation by Empirical Formulae. 


I. It is a pseudo-chemical system, based upon the 
ultimate analysis of the batch to the neglect of important 
physical and mineralogical differences in the ingredients. 

Il), .It*hasi no innaté chemical or physical significance. 

WY Sots: erapinie in character. 

IV. Since the relationships it is capable of showing 
are not fixed or definite, the conclusions drawn from its 
use must be of an indefinite nature. 


126 CALCULATION OF CERAMIC MIXTURES. 


III. CALCULATION FROM “NORMS.” 


This is an adaptation of the Quantitative Classifica- 
tion of the Igneous Rocks.’ The basic idea of this classifi- 
cation is that the salts in solution in rock magmas may 
properly be considered to have the composition of those 
minerals which separate and crystallize when the magmas 
‘solidify. The ‘‘Norm’’ of a rock magma is its standard 
mineral constitution, as calculated by this method. It is 
granted that there is a possibility of ionization of these 
salts while in solution and also that, under some conditions, 
reactions may be set up ina given magma, such as to cause 
it to solidify into minerals other than those which they 
calculate should be formed. The fundamental conceptions 
underlying this method are, however, based upon several 
thousand analyses of igneous rocks and a thorough exam- 
ination of a large quantity of mineralogical and experimen- 
tal data. 


There are only two conditions under which this method 
of calculation is of doubtful value: (1) When the magma. 
contains large amounts of ferro-magnesian minerals; (2) 
or such gases, as water, hydrogen, or fluorine, under pres- 
sure. As neither of these conditions are’ met with im.our 
work, this method of calculation should be especially accu- 
rate in determining the constitution of ceramic fusions. 


The validity of the principles, upon which this system 
is based, is being tested out in an experimental way by 
various investigators, notably Day and his associates in’ 
the Geophysical Laboratory of the Carnegie Institute. 
It is worthy of note that, so far, no exceptions have been 
found to the principles laid down. As the systems studied 
in an experimental way grow more complex, the difficulties 
of technique and interpretation grow much greater. It is 


1“‘Quantitative Classification of Igneous Rocks,’’ by Cross, Iddings, Pierson and 
Washington. University of Chicago Press. 
‘‘Journal of Geology,’’ Vol. X, pp. 555-690. 
‘“‘Tgneous Rocks,’’ Iddings, Vol. I, Wiley & Sons. 
‘‘Natural Classification of Igneous Rocks,’’ Whitman Cross. 
Quarterly Journal of the Geological Society, No. 263, Aug. 23, 1910. 
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doubtful, therefore, if we will soon have a much more 
accurate statement of the minerals liable to separate from 
a given complex magma than the authors of this system of 
calculation have deduced from a study of thousands of 
actual crystallizations as evinced in the formation of igneous 
rocks. | 


The fundamental conclusions arrived at from the study 
of this great mass of data are: 


I. The relative affinity of the common rock-forming 
oxides for SiO,, beginning with the strongest, is: K,O, Na,O, 
CaQ; MeO FeO. Al.O.,.Ke,O.. 

If.-°The relative affinity of the oxides -for- Al,Os, 
*beginning with the strongest, is the same: K,O, Na,O, 
GaQ.=MyO:.. FeO... Ke,O. does not. combine. with Al,O,. 

III. The molecular ratio of Al,O, to other bases with 
which it enters into silicate combination is in many cases 
Dee 

Ivor incase oflow AlO, it) may be, replaced by -Fe,0O;. 

Wee ne On nO. and pi), ate the-ouly oxides7ot. the 
above list that crystallize alone. 

VI. Each base unites with the highest amount of Al,O, 
and forms the highest silicate that it is capable of forming 
with the Al,O, and S10, available. 

VII. The strength of the affinity for Al,O, and $10, 
of all the elements studied is proportionate to its position 
in the electromotive series. 

From their position in the electromotive series and their 
general behavior in silicate magmas, we would not expect 
PbO and ZnO to form double silicates with Al,O,;. In the 
presence of stronger bases and low silica we would expect 
PbO and ZnO to form orthosilicates; in fact we have evi- 
dence that PbO can exist as such in a silicate magma.’ 

The following salts, according to the above principles, 


1 This is quite generally true in the absence of gases under pressure, and of ferro- 
magnesian minerals. 

2 Cooper, Shaw and Loomis, ‘‘Lead Silicates.’”’ American Chemical Journal, 1909, 
page 461. 


128 CALCULATION OF CERAMIC MIXTURES. 


would be formed in a fusion which contained K,O, Na,O, 
CaO, PhO; ZnO; ALO, and 25103. 
When SiO, is low, the following salts will be formed: 
K,O,A1,0,,45i0, Leucite. 


Na,O,AI1,0,,25i0, Nephelite. 
CaO,Al,0,,2Si0, Anorthite. 


K,O,S10,, Potassium metasilicate. 
Na,O,Si0, Sodium metasilicate. 
CaOy 2210; Orthosilicate of calcium. 
ZnO,'/,9i0, Orthosilicate of zinc. 
PbO,'/,910, Orthosilicate of lead. 


As SiO, increases, the above compounds are converted 
to higher silicates as follows: 

CaO 4Si0,, ZnO 4Si0,, PbO 4Si0, to 

Cad. > S1O,7 @Z2nOF US S1Os | EE Oren tO) respecriver. 

K,O,.. Al,O,;- 48i0,:to KO; Al,O;, -6Si0;, -Orthoelase. 

Na,O,. Al,0,,. 2510; to.Na,©, ALGO. | 65107. A latte: 

Al,O;, SiO,, Sillimanite, depending upon conditions, may or 

may not be formed. 

Remarks on Formation of Norms.—(1) The conditions 
permitting the formation of sillimanite are well defined. 

(a) This mineral is not necessarily found when free 
Al,O, and $10, occur together. | 

(b)) If theréiis an exeess, of bothwALO, andsiC. watter, 
the formation of the higher silicate group, sillimanite may 
be formed. 

This makes plain why Vernansky was not able to pro- 
duce sillimanite from fusions of feldspar with SiO,. 


(c) Introduction of PbO into a magma would not 
effect the excess of Al,O, capable of entering sillimanite, 
and would reduce excess SiO, but slightly. At the same 
time it would make the magma more fluid, thus affording 
a better medium for crystallization. This throws light on 
Mellor’s statement that sillimanite can be produced at a 
lower temperature in the presence of PbO and that the 
lead oxide seems to have a catalytic action. It seems 


1 Sufficient data are not at hand to determine definitely whether zinc and lead ortho- 
silicates pass over to metasilicates before or after the feldspathoids form feldspar. 
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probable that most so-called catalytic actions in silicate 
fusions consist in producing a better medium for the con- 
summation of reaction. 

(2) Devitrification in high silica glass is decreased by 
adding Al,O,. The norm of ordinary lime silica glass is: 
0.50 Na,O 0.50 SiO, 

0.50 CaO 0.50 SiO, 
1.50 910, uncombined. 
Now if 0.05 Al,O, is added, the norm becomes: 
0.05 Na,O- 0.05 Al,O,, 0.30 SiO, Albite. 
0.45 Na,O 0.45 S10, 
0.50 CaO, 0.50 SiO, 
1.25 SiO, uncombined. 
Thus by the addition of only 0.05 Al,O;, uncombined SiO, 
has been reduced by 0.25. 

(3) On the other hand devitrification in basic glasses 
is decreased by adding SiO,. (See ‘‘Crystalline Glazes,’’ 
byaurdyrand. Krehbiel Prans. cA. -C.s5:, Vol. IX,- px 4o2:) 

Glass No. 1, which was completely devitrified, has a 
norm as follows: 

0.5: Na,0' 0.5 310, 

0.5 CaO 0.5 SiO, 
corresponding to high concentration of the easily crystalliz- 
able substance, CaO SiO,,. 

Glass No. 2, with the following norm, 

0.5 Na,O 0.5 SiO, 

O05: CaO- 7.0. 5. 910, 

0.5 SiO, uncombined, 
corresponding to less concentration of CaO Si0,, was less 
devitrified. Devitrification decreased in the other members 
of the series as the concentration of CaO SiO, decreased. 

In the same article, Messrs. Purdy and Krehbiel have 
shown that as the concentration of ZnO SiO,, an easily 
crystallizable substance, decreased, crystallization decreased. 

Glaze No. 384, p. 378, with the following norm, 

SEA Neha ceee eae Ftoieeales concentration of ZnO SiO, 


0.7 ZnO 0.7 Si0, ; 
0.5 SiO, uncombined Cok eID 


had many small crystals. 
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Glaze No. 394, p. 379, having the following norm, 

o.3 Na,O \ 013/310, 

Op77 ZnO sO esto: 

0.6 SiO, uncombined | 
had a few snrall crystals.:; 1f.1t,is. held that ZnuQj1/25510, 
is the crystalline substance, the principle of decrease of 
crystallization with molecular concentration would still 
hold. 

4. The increase of fusibility due to additions of small 
amounts of clay to high lime mixtures low in Al,O, can 
readily be explained by the fact that the simple calcium 
silicates, materials of high concentration in the magma, are 
converted into anorthite, which is of low concentration. 
Eutectic proportions would thus be more nearly approached, 
and the lime compounds would all be fluid after melting. 

5. Enough has been said to show that according to 
norms, the amount of free SiO, and the kind of silicate 
salts found in a mixture does not depend upon the oxygen 
ratio, but on the total SiO, and the kind of bases forming 
the RO. 

The following two mixtures have the same oxygen 
ratio: 


] 
i Molecular concentration of ZnO SiO, 
17 in a total of 16, 


Tea ¢ II 
} 
a nek [../5 tos, eS ie fo. 204A1,0 7582 4 IO: 
CG) ARE TSH ES OR same ee 
Norm, Norm. 
o.5 Na,O 0.5 SiO, o.2 Na,O 0°20, ALO. ure 20; p10, 
Or1CaQ 0.5 910, Oo: 3: Na,Os > 0:53) wei: 
6.61510, Ons-Cal) 0.15) IO, 


On 4 Ole. 


According to ceramic usage, both the above formulae 
would be polysilicates. By calculation of norms, I is a 
mixture of metasilicates with free SiO,, while II is shown as 
a mixture of metasilicates with a polysilicate and less free 
910,. 

Of course, in applying to glazes any such reasoning as 
is involved in the use of norms, the probability of the 
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glaze taking up material from the body must be taken into 
consideration. However, it does not seem that it would 
be an important factor in such work as crystalline glazes. 
In the first place, it must be remembered that a substance 
will not be taken into solution unless it is present in the 
solution in less than eutectic proportions, or unless it is 
needed to fill the requirements of some unsatisfied chemical 
valence. The only minerals that could be taken up from 
an ordinary body would be clay, flint, and feldspar, and 
these would make the layer of glaze next to the body so 
viscous that the absorbed material would not be diffused 
through the rest of the glaze, and since crystalline glazes are 
thick, the bulk of the glaze would not be affected. 

Conclusions on Method of Calculation by Norms.— 
The use of norms is restricted to a narrow field and must 
at all times be more or less hypothetical, but it gives a 
more rational means of attacking some problems than can 
be obtained in any other way. 


IV. CALCULATION FROM EUTECTICS. 


Quite a number of eutectics between pairs of ceramic 
materials have been located, and considerable work has 
been done toward the location of several ternary or three- 
component eutectics.. We have all watched the accumu- 
lation of such data with interest. We logically assume 
that if we are able to locate the eutectics in our mixtures, 
we will be in a position to understand their pyro-physical 
properties much better. In the course of time we would 
be able to classify any given composition according to its 
relation to some eutectic mixture. Such a system would be 
calculation from eutectics. 

In another place we have discussed the bearing the 
formation of melting point and deformation eutectics have 
on the pyro-physical properties of ceramic mixtures. It 
will be sufficient to state here that while the study of sili- 
cate mixtures from the standpoint of physical chemistry 


1 Jour. of Ind. and Eng. Chem:, Vol. 3, No. 4, April, 1911. 
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is interesting and instructive yet, owing to the lack of exper- 
imental data, no system of calculation can be built up on it 
that as yet will take the place of empirical systems. 


V. CALCULATION FROM EMPIRICAL PHYSICAL FACTORS. 


From a study of the foregoing systems of calculation, 
we gather that any system of calculation of glazes and 
enamels of general utility must have the following charac- 
teristics: | 

I. Jt must not be affected by the amount of volatzle 
matter 1n the raw batch. The presence of large and varying 
amounts of volatile matter is the cause of confusion in cal- 
culating from batch weights. 

Il. Jt must take wnto consideration the physical and 
mineralogical condition of the ingredients. Failure to do 
this is the great limitation of the empirical formulae system. 

Ill. Jt must be capable of indicating primarily the 
pyro-physical properties of the mixture. The physical prop- 
erties of a mixture as developed by heat treatment are 
what determine their value for ceramic purposes. It will 
be an incidental advantage if the system renders easy a 
calculation of the final mineralogical constitution, as this 
has a bearing on the ultimate viscosity of the mixture, 
and also on the phenomenon of crystallization. 

IV. It must be graphic in character. This is the one 
great advantage of calculation by empirical formulae. 

The system which we wish to suggest is capable of 
meeting all these requirements and is, we believe, a happy 
combination of the best in each of the other systems dis- 
cussed. It consists essentially of the following procedure 
in any one class of glazes or enamels: 

1. Calculation of the melted weight of the minerals 
composing the batch. This is readily done by the use of 
factors. For purposes of calculation the conventional - 
assumption as to percentage of volatile ingredients are 
sufficient. 

2. Experimental determination of the relative pyro- 
physical effect of the various melted minerals pound for 
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pound. It is also necessary to determine the pyro-phys- 
ical effect, if any, of a change in the physical condition of 
each mineral. From these determinations, such factor 
numbers or coefficients can be assigned to the various 
melted minerals in various physical conditions as express 
their relative pyro-physical effect. 

3. Combination of the melted minerals of like pyro- 
physical effect into groups, and arrangement of the groups 
in such manner as best expresses their pyro-physical rela- 
tions. Then by arranging any glaze of this type in this 
form, multiplying by the proper pyro-physical factors and 
adding the products in each group, two or three numbers 
can be obtained whose ratio expresses in a very graphic 
manner the pyro-physical properties of the mixture. 

It will be noticed that calculation in pounds of melted 
weight is advocated rather than in so-called molecules or 
chemical equivalents. This is done for two reasons. First, 
it is easier, and second, it is believed to be more scientific. 
We have no means of knowing the true molecular weights 
of the substances we use, and much less means of knowing the 
molecular weight of the compounds found in our igneous 
fusions. The molecular weights given in text books are 
simply conventional. The true molecular weight may be 
several times these. We know that outside of the R O. 
oxides, the so-called chemical equivalents are not chemic- 
ally equivalent, one ‘“‘equivalent’’ of Al,O, being chemically 
equal to 3 R O., while 1 R O. is equivalent, chemically, to 
200 t-te eo1O,0and 1/3 to 2 B,O,,-according to circum: 
stances. The conventional equivalents used by ceramists 
are, as we all know, simply the arithmetical units adopted 
by metallurgists for convenience in calculation and have 
no true chemical or physical meaning. When we remember 
the slight connection so far proven, between true chemical 
constitution and physical properties, to try to correlate 
the pyro-physical properties of our glasses with these arbi- 
trary units seems rather futile. Moreover, the laws of 
physics to which we must look more and more for inter- 
pretation of the peculiarities of the physical properties of 


134 CALCULATION OF CERAMIC MIXTURES. 


our products are based upon percentage composition, 
and cannot be applied to “equivalent weights.”’ 

In order that our’results may be checked by others, 
it is important that in determining relative pyro-physical 
effects, we use as a basis of comparison substances which 
can be duplicated. For instance, in enamels practically all 
the R O. oxides are used as fluxes, while sand, flint and vari- 
ous feldspars are used as refractories. Now red lead and 
standard dry-ground flint are materials that can be dupli- 
cated, anywhere in “imerica, so, by makime j1 pound? ot 
PbO from red lead and 1 pound standard ground flint, the 
standards for fluxing power and refractoriness respectively, 
we get results that can be duplicated by others. 

Ol course 1s. not necessagy stoned icesthesamelted 
weight to a percentage basis, although this is convenient in 
some cases. Some group may be taken as one hundred 
or one, just as in STD ie formulae. 

In Coe’s :work.on, “Ground Coat. Enamels,” this si6le 
ume, he kept the easily fusible constituents constant, and 
added such amounts of the various refractory materials as 
would give him like fusibility. In my own work in enamels 
(see “Control, of. ;Fusibility in “Enamels,; thisyvolume),a1 
find it convenient to reduce the melted weight to percen- 
tages as this gives me several important ratios direct. 

As to the labor involved in working out such a scheme, 
it need not be great for any one class of glazes. 

I developed such a system for cast iron enamels, work- 
ing on it at odd times for two years. The number of mate- 
rials covered was over twenty and the amount of labor 
involved was consequently greater than any one man 
would be called upon to do with glazes. 

The results obtained have amply repaid the effort. 
I have used this system! in three different factories, with 
three different sets of chemicals, including six different 
feldspars. It has given consistent and satisfactory results 
under all conditions. 





1 This plan is of the same sort as the one used by Burt and described under the title 
‘‘Coefficient Equivalents’’ in Vol. VI, Trans. Amer. Cer. Soc. 
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It might be urged against such a system that it is not 
general enough, that it would make a special case of every 
class of glazes, and every clay or feldspar used in a given 
class. This would be true only because every class of glazes 
as a special case in which the vital relations between the 
minerals used are different from the other classes. More- 
over, there are clays and clays, and the same way with 
feldspars. If they have different pyro-physical effects, 
this must necessarily be allowed for. 


FINAL SUMMARY. 


I. Calculation from percentages or batch weights 
can be used with advantage only in very simple mixtures. 


II. Calculation from empirical formulae is not adapted 
to giving definite results. The method can lay no claim 
to a scientific foundation. 

III. Calculation from norms can be used only in very 
special cases. Ae 

IV. Calculation from eutectics is not practicable in 
our present state of knowledge. 

V. Calculation from empirical physical factors deter- 
mined separately for each class of ceramic mixtures is sug- 
gested as being a method capable of giving the exact con- 
trol of mixtures necessary in actual factory practice. 


DISCUSSION. 


Mr. Binns: If this method had been introduced at 
the time when the molecular formula, or the empirical 
formula was, there might not have been any use for the 
latter. So many of us have now got into the habit of 
thinking in terms of the empirical formula, and it has been 
so satisfactory, that there must be good reason for making 
a change before we do so. 

Mr. Staley: Ina paper on enamels, I figure the system 
out step by step for twelve different formulae, from one 
recipe to another, keeping the values the same, and showing 
how I derive my pyro-physical factors. I did not figure out 
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my empirical formula until I was on the train, on the road 
to Trenton, and the papers were all typewritten. I then 
found that by my method they have exactly the same 
pyro-physical ratio (that is, 2.13: 1) while by the empirical 
formula, one has an oxygen ratio of 1:0.94 while the 
other has an oxygen ratio of I : 1.43. 

Mr. Stover: It makes a good deal of difference, when 
figuring for flint, whether you are figuring for body or for 
glaze. 

Mr. Staley: Even in enamels, it makes a great deal 
of difference. 


Mr. Binns: He says that the difference between coarse- 
ground flint and fine-ground flint is vital, and a few moments 
ago he said that it was standard. What becomes of the 
standard, if there is a difference between coarse and fine- 
ground flint? 

Mr. Staley: What I meant was the difference between 
sand and ground flint. I have bought flint from a dozen 
factories, and could see no material difference among them; 
but there was a difference between dry-ground flint and 
glass sand such as a great many of the enamel plants use. 
If we use dry-ground flint in America, and some man, who 
is employed where they have the wet ground, should try 
to use the same factors, he would get into trouble. Every 
man must make a special case of his special material. You 
cannot get any one system to annihilate space and destroy 
the physical properties and differences in our material. 


NOTES SUBMITTED AFTER HAVING READ THE PAPER. 


Proj. Binns? -T find “a> difficulty in “discussing “this 
paper because Mr. Staley has not given any idea as to the 
working of his proposed method of calculation. He speaks 
of a pound of lead oxide as a unit but gives no explanation 
of the way in which other substances. can be referred to 
this. He objects to the complication of the formula but 
seems to offer an alternative which is even more involved. 
I fully admit the propriety of considering the natural con- 
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dition of the materials employed but this must be a matter 
of experience in either case. I have never considered that 
the formula affords a royal road to the understanding of 
ceramic mixtures but it is now so well established and so 
universally understood that any suggested substitute must 
be of well recognized superiority and of unimpeachable 
value. 

Mr. Kerr: In the consideration of any problem it is 
always of great assistance to have clearly outlined the 
several methods by which the problem may be attacked, 
and in the field of ceramic calculation it is a step in the right 
direction that such a presentation of methods has been made. 

In considering this paper let us start with the assump- 
tion that the empirical formula is not by any means per- 
fect, and. that improvements in methods of expressing and 
calculating ceramic mixtures are greatly needed; in that, 
all ceramists: are agreed.’ ‘Let us also bear in mind that 
our knowledge of silicate chemistry, and especially our 
knowledge of the physical side of silicate chemistry, is very 
limited indeed. Some of the systems comprising SiO, and 
one other component have been carefully studied, but 
beyond that, our knowledge extends only a very little way. 
Bearing in mind both the need of improvements in methods 
of calculation and the limitations of our knowledge of sili- 
cate; chemistry, tet: us consider) the "points -raised in the 
paper under discussion. 

In referring to ‘“‘Calculation from Empirical Formulae,’’ 
the author states that ‘‘we are fundamentally interested in 
the physical properties of our glazes and but little interested 
in their chemical constitution.” In a very narrow and 
restricted sense that is a true statement of the case: But 
in the broad scientific sense we are intensely interested in 
the chemical constitution of our ceramic materials because 
experience in other chemical fields has shown us conclu- 
sively that it is only upon well-grounded knowledge of 
chemical constitution and the relation of chemical con- 
stitution to physical properties under various conditions that scien- 
tific progress can be made. Let us not forget that chemical con- 
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stitution, especially as affected by physical conditions, is 
the vital thing underlying all ceramic science. It is not 
the physical condition that is the important part of the law; 
it is the chemical constitution as affected by the physical 
condition. 

Concerning the incorrect reasoning to which the author 
refers in considering the empirical formula, neither of the 
illustrations given offers any argument whatever against 
the empirical formula. Both cases cited are cases of incor- 
rectly constructed argument, and the conclusions drawn 
are, therefore, void. Take the second case. The major 
premise is..“‘Increase of SiO, stops crazing” -and not that 
“SiQsis: an acid’ 7 -hven thensthe arriimenticannocsno d 
for the major premise does not limit the number of, or 
variations in the materials which do stop crazing. Study 
of all such arguments shows that the trouble is not with 
the empirical formula, but either with our arguments 
themselves or the definitions involved in the arguments. 

The author sums up the case against the empirical 
formula under four heads: 

1. “It 1s a pseudo-chemical system and based upon 
the ultimate analysis of the batch to the neglect of impor- 
tant physical and mineralogical differences in the ingredi- 
ents.’’ The criticism is well taken. 

2. ‘‘It has no innate chemical or physical significance.” 
So far as this is true, it is because our knowledge of the 
physical chemistry of the silicates is too limited to supply 
the needed significance. By any method of calculation 
the effect of variations in treatment under different condi- 
tions must be taken into account. 

2 retinas: (ord phaertin character’ The author has 
clearly pointed out the great advantage of graphic repre- 
sentation. 

4. ‘Since the relationships it is capable of showing 
are not fixed or definite, the conclusions drawn from its 
use must be of an indefinite nature.” At present. this 
objection holds to some extent, but if our knowledge were 
extended (as it certainly will be) so that we could give 
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definite meaning to the various relationships under any 
given conditions, then our conclusions could be equally 
definite. 

In discussing ‘‘Calculation from Norms,”’ the author 
has very properly called special attention to the work 
done by Cross, Iddings, Piersson, Washington and others 
in the field of igneous rocks. This work is of the greatest 
importance to ceramists and it should be very carefully 
followed by all. But it must be borne in mind that the 
work deals withigneous rocks and not with ceramic bodies. 
These eminent petrologists do not claim that in the labora- 
tory or in the manufacturing plant the conditions obtain- 
ing in the making of igneous rocks will be duplicated. 
There is a vast difference between the physical conditions 
operating in the two cases. Our most eminent physical 
chemists have .imade but little progréss:in.the study of 
three-component systems, and when one considers that in 
ceramic mixtures the number of components is never as 
low as three, the necessity of great care in drawing conclu- 
sions based upon the laws of physical chemistry as they are 
known to-day becomes very evident. 

The work done upon igneous rocks represents a won- 
derful stride in the field of silicate chemistry, but there is 
at present no justification for assuming that the correla- 
tions of fact thus obtained may be taken as laws operating 
in the field of ceramic mixtures where the physical condi- 
tions are so widely different. It has never been proven 
that these various naturally occurring silicates are actually 
formed in ceramic mixtures. Certainly the conditions 
governing the formation of sillimanite 7m ceramic mixtures 
are not as simple as those given. 

In further discussion of ‘‘Calculation from Norms,’’ 
the author gives formulae for two mixtures having oxygen 
ratio 1 : 3, and states that “‘I is a mixture of.metasilicates 
with free SiO,, while II is a mixture of metasilicates with a 
polysilicate and free Si0,.’’ No proof has yet been offered 
that these statements are true. Certainly they would not 
be true under all conditions. Our present knowledge of 
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the physical chemistry of these silicates does not seem to 
warrant statements beyond the expression of the empirical 
formula. 

The subjéet (61> eutecticS isa most interesting ~and 
most instructive one, and a continued study of the prob- 
lems is certain to bring to light a wealth of most impor- 
tant information. As the author has pointed out, the data 
now at hand are not sufficient to make possible the drawing 
of general conclusions. 

Under ‘‘Calculation from Empirical Physical Factors,” 
the author says that the method ‘‘consists essentially of the 
following procedure, in any one class of glazes or enamels: 


1. ‘‘Calculation of the melted weights of the minerals 
composing the batch..... 
2. ‘‘Experimental determination of the relative pyro- 


physical effect of the various melted minerals pound for 
pound’’—also the effect of any “‘change in the physical 
condition of each mineral.” 

3. ‘Combination of the melted minerals of like pyro- 
physical eect mtoveroups-— - 

In the calculation of melted weights (point 1) it must 
be remembered that with certain ceramic materials the 
conditions under which melting occurs alter both the 
weight of the melted material and its composition. How 
can a melted weight be stated, therefore, unless the accom- 
panying conditions are specified? 

Concerning point 2, the pyro-physical effect of the 
melted minerals will be influenced by (1) variations in the 
physical condition of the material itself, as the author has 
pointed out, (2) variations in the character of the mix in 
which used, and (3) variations in the conditions of use, 
especially as to time, temperature, etc. 

It does not seem possible at the present time to arrange 
a grouping of melted minerals (point 3) that will hold 
under even small variations of conditions. 

From a consideration: of the essential points in the 
procedure it is very hard to see that the proposed method 
is based in any way upon scientific knowledge. The empir- 
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ical formulae system with all its acknowledged faults is to 
some extent a scientific tool, and with every increase in 
our knowledge of ceramic chemistry there will come a cor- 
responding increase in the meaning and value of the empir- 
ical formula. 


It is true that in certain ceramic materials, equivalents 
are not strictly scientific figures, but they are based upon 
molecular weights which are strictly scientific, and any 
errors which exist are errors of deducing chemical equiva- 
lents and not errors in the molecular weights. Such errors 
will in time be corrected. One cannot agree with the 
author that molecular weights are meaningless conven- 
tional figures. | 


“By making 1 pound of PbO from red lead and 1 
pound of standard ground flint, the standards for fluxing 
power and refractoriness respectively, we get results that 
can be duplicated by others.”’ It is hard to see how such 
standards can be of any value from the standpoint of the 
future development of ceramic science. Even omitting 
the most important consideration that we are building 
foundations for future development, these standards are 
open to several vital criticisms. They will be affected by 
variations in (1) purity, (2) temperature, (3) time of fusing, 
(4) furnace conditions, etc., to such an extent that results 
cannot be duplicated closely enough to warrant the draw- 
ing of conclusions from tests made. Further it is not pos- 
sible to draw a sharp line of distinction between fluxes 
and refractories. 


The contention is made that ‘‘every class of glazes is 
a special case,’’ and that consequently each class must be 
dealt with separately. Undoubtedly each class is a special 
case but it is a special case only because of the preponder- 
ance of the effect of certain conditions. The general laws 
governing these conditions must be sought out and cer- 
amic knowledge must be extended until it becomes clear 
that the same general laws cover the entire field, and that the 
understanding of the special cases deniands adaptation of 
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the general laws and not the formulation of specific laws 
for specific cases. 

Further, physical conditions must be taken into account 
throughout a process. The physical condition of the raw 
materials is of great importance, as the author has shown. 
But of equal or greater importance are the physical condi- 
tions under which the materials react during the manufac- 
turing process. This latter point should always be borne 
in mind, but unfortunately it is frequently overlooked. 


Mr. Potiss > There is* in’ Sprechsdal 1oreMay Tre rors: 
(Vol. 44, No. 19, p. 278) an article entitled ‘‘The Influence 
of Metallic Oxides upon Lead Glazes’”’ by Fritz Kraze and 
Alex Popoff, which has considerable bearing upon the 
“Calculation -from<::EPmpirical. Physical “Factors,” = which 
Professor Staley advocates. 


These investigators used a glaze of the formula 
1 RO, 0.084 Al,O,, 0.969 SiQ,. 
The R O. was made up as follows: Each glaze of the series 
contained 0.8 PbO and o.2 of one of the following oxides: 
K.O, :.Na,0,.CaO. MeO” BaOsrO>) 700 MnOo re Otero. 
Co,O;,, Ni,O,; and CuO, making thirteen glazes in the series, 
each glaze differing from the rest only in the metallic oxide 
contained. They sought information as to the effect of 
these oxides on the crazing and fusibility of lead glazes. 


The relative fusibility was obtained as follows: Each 
raw glaze was moulded into a cone and these cones were 
attached to a biscuit plate. The plate bearing the cones 
was then set at an angle a little less than 45° in a muffle 
kiln and burned until the tip of the most refractory cone 
just touched the plate. The distance which each glaze 
flowed under this heat treatment was measured and taken 
as an index of the fluxing action of the metallic oxide con- 
tained. | 

Accompanying the article is a chart which shows 
graphically the results obtained. From this chart the 
following data have been taken or calculated. 
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It is from data like this that Professor Staley would 
calculate his empirical physical factors. In this particu- 
lar glaze and with this particular substitution the fusibility 
of the several glazes is roughly proportional to the equiva- 
lent weight of the oxide used. However, we have every 
assurance that these factors would not be applicable to 
more complex glazes and indeed with our present knowl- 
edge, I doubt very much that any advantage commensu- 
rate with the labor involved would be gained by determin- 
ing such factors for every special type of glaze. 


NOTES PREPARED AFTER READING MR. KERR’S DISCUS- 
SION. 


Mr. Staley: J have read Mr. Kerr’s discussion with a 
great deal of interest but I can hardly agree with some of 
his ideas. In fact, the errors of conception displayed in 
this discussion show how necessary it is that some of the 
points mentioned in my paper be strongly emphasized. 

Much depends upon our conception of what purpose a 
system of ceramic calculation is intended to serve. I 
advanced my system of ceramic calculation for use in the 
actual manufacture of ceramic wares. 

Mr. Kerr is not in full accord with my statement that 
‘fas ceramists we are fundamentally interested in the 
physical properties of our glazes and but little interested 


1 BaO was introduced as carbonate; it is well known that the oxide is a much more 
active agent than the carbonate. 
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in their chemical constitution.’’ If our manufacturers are 
trying to produce ware covered with glazes which they can 
guarantee to be a mixture of metasilicates, orthosilicates 
and polysilicates in certain definite proportions, then they 
are fundamentally interested in the chemical constitution 
of their glazes. If they are trying.to produce ware covered 
with fine glossy glazes which they can guarantee not to 
craze or shiver, and to be free from pin holes, then they are 
fundamentally interested in the physical properties of their 
wares. If we knew enough about the chemical constitu- 
tion of our glazes to believe that similarity of chemical 
constitution would mean like pyro-physical properties, 
there would be good reasons for making a study of chemical 
constitution of glazes. But such studies must be conducted 
it our universities rather than in our factories. 

In: my.paper ly.quoteda scomples ol, cases:-o1 sancortect 
reasoning supposed to be based on the use of empirical 
formulae: . Mr.’ Kerr explains at some fenethathat megccee. 
the point. 

When he comes to my summary of the discussion on 
calculation by Empirical Formulae, Mr. Kerr speaks of 
it as a Summary of “‘the case against the empirical formula.”’ 
This is a mistake. I was not attacking the empirical for- 
mula and stated explicitly that I objected ‘‘not to the use 
but the abuse of the empirical formula.’’ Howbeit, we 
find that he agrees without question with two of my con- 
clusions.’ He admits that’ the’ other two°are tt ue=in- pare 
at least, but claims they will not hold when our knowledge 
of the physical chemistry of the silicates is vastly extended 
‘“‘so that we could give definite meaning to the various 
relationships under any given condition.’’ When this 
happy time comes, if ever, we know from our knowledge of 
the methods used in physical chemistry that from the 
very complexity of the problems involved, as emphasized 
by Mr. Kerr, the physical chemists will have to use a great 
deal more complicated and a great deal more exact repre- 
sentation of the constitution of our magmas and the phys- 
ical factors involved, than that given by the empirical 
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formula. In the meantime we must manufacture, every 
year, in this country alone some $250,000,000 worth of 
claywares, enameled wares and glass. If the fourth point 
of my summary holds true, it alone would be a grave 
objection to the use of the empirical formula. 

Mr. Kerr’s statement of the care to be taken in the 
application of the use of norms to ceramic mixtures is hardly 
more explicit than my own. The whole discussion of norms 
was given simply for its suggestiveness. When discussing 
calculation by empirical formulae, Mr. Kerr urges us to 
study the relations between the chemical constitution of 
our magmas and their physical properties and also to use 
empirical formulae because our knowledge of physical 
chemistry is going to tell us what the formulae mean. 
When discussing the use of norms simply as a possible indi- 
cation of the minerals that will crystallize out of a magma, 
he tells us that our mixtures are so complicated that we 
know little about the constituents present and must ‘‘use 
great care in drawing conclusions based on the laws of 
physical chemistry as they are known to-day.”’’ 

The use of norms was suggested as a practical hint, 
not as a scientific certainty. The fact is, however, that 
when working in silicate magmas, physical chemists of good 
repute use methods similar to those involved in calculation 
by norms in order to have some indication as where to look 
for crystallization of new compounds.’ I do not believe 
that any physical chemist would attempt to use such a 
hybrid thing as the empirical formula as a scientific tool. 


When discussing calculation from empirical factors, 
Mr. Kerr takes several exceptions to the method proposed. 
He inquires: How can a melted weight be stated, there- 
fore, unless the accompanying conditions are specified? 
In reply, I would state that “the accompanying conditions 
are specified’’ by the statement that the procedure is to be 


oe 


applied, and the results obtained are to be used only “‘in 


1 Day and Shepherd, ‘‘Lime Silica Series of Minerals,’? Am. Jour. Sci., 4th Series, 
XXII, p. 267. 
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any one class of glazes or enamels.” In passing, I might 
call attention to the fact that the empirical formula which | 
he defends so valiantly is based on calculated melted 
weights. 

He states that the pyro-physical effect of the melted 
minerals will be influenced by (1) variations in the physical 
condition of the material itself; (2) variation in the char- 
acter of the mix in which used; and (3) variations in the 
conditions of the use especially as to time, temperature, 
etc. ‘Exactly, infact, these threerstatenmientsyarenasmore 
forceful array of arguments in favor of my system than I 
myself have ever been able to formulate. I avoid ‘‘varia- 
tion in the character of the mix in which used and varia- 
tions in the conditions of use, especially as to time, tempera- 
ture, etc.,” “by confining the procedure; and “the results 
obtained to one class of glazes or enamels. I would deter- 
mine experimentally “‘the effect of variations in the physical 
conditions of the material itself.’’ It is hard for me to see 
how any man can make these statements and then reject 
the use of a system built on these arguments and urge 
the use of the empirical formula system which does not 
meet tive nt. 

In discussing the use of the PbO from red lead and 
standard ground flint as standards for fluxing power and 
refractoriness respectively, Mr. Kerr makes a strong argu- 
ment for my proposal to make a special case of each class 
of glaze or enamel. Incidentally he misquotes me. I pro- 
posed these materials as standards in enamels only, and not 
in all classes of ceramic mixtures. He says these standards 
will be effected by (1) purity, (2) temperature, (3) time of 
fusing, (4) furnace conditions, etc., to such an extent that 
results cannot be duplicated closely enough to warrant the 
drawing of conclusions from tests made. As to purity, I 
can only say after having used many carloads of these mate- 
rials, including most of the brands on the American market, 
I have never known the small amount of impurities, that 
may sometimes have been present, to have any noticeable 
effect on their action in glasses rich in fluxing materials 
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like glazes and enamels. The possibility that these two 
materials might not serve as standards for fluxing power 
and refractoriness in some other class of ceramic products 
emphasizes the fact that each class should be treated as a 
special case. Variations in the second, third, and fourth 
points he mentions would certainly be reduced to a mini- 
mum if comparisons were made in only one class of material 
manufactured in one general way. Contrary to his opin- 
ion that results can not be duplicated close enough to war- 
rant drawing conclusions, we have the fact that when much 
fewer precautions than indicated here have been taken to 
secure duplication of conditions, results have been dupli- 
cated in ceramic work time and again. If this were not 
possible, what would be the. use of publishing recipes in 
the shape of empirical formulae with their attendant 
uncertainty as to batch composition and the physical condi- 
tion of the same, or in fact, what would be the use of keep- 
ing any record of our results at all? 

We now came to a point on which I must fairly take 
issue with Mr. Kerr. He states that ceramic equivalents 
are ‘“‘based on molecular weights which are strictly scien- 
tific.” This is not-a question of opinion, but of fact, and 
so is capable of being referred to authorities. I presume 
that Mr.-Kerr will grant that we use our materials in the 
solid state or in igneous fusions. Nernst says:'! ‘‘There is 
no method known at the present time which leads to a 
knowledge of the molecular weight of solids; indeed our 
molecular conceptions of the nature of the solid state are 
very vague.’ Morga nsays:? ‘‘We cannot define molecular 
weight in the solid state.’’ Ostwald says:? ‘‘The molar 
concept has so far obtained no importance among solids.”’ 
Similar statements can be found in any first-class physical 
chemistry. 

In regard to our knowledge of molecular weights in 
igneous fusions, I quote Shepherd, Rankin and Wright as 





1 heoretical Chemistry, Fourth Edition, page 272. 
2 Elements of Physical Chemistry, page 102. 
3 Fundamental Principles of Chemistry, page 288. 
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follows:' ‘‘It is of course desirable to know the molecular 
weight of the various minerals, whether or not they disso- 
ciate in solution, and the effect of these phenomena on 
their interreactions. At the present time such questions 
are practically unanswerable. The molecular weight of 
salts in aqueous solution is determined by the lowering 
of the freezing point, but even at this low temperature and 
with the most delicate apparatus, an error of five per cent. 
is regarded as doing very well. Not only must the tempera- 
tures be measured to the nearest hundredth of a degree, but 
the formulae have thus far been found to apply only to 
infinitely -.dilute. solutions—never «over one. per (cent: 
Silicate melts are too viscous to be stirred, and -ireezing 
occurs in a region of variable temperature distribution and 
always over an interval of a whole degree or more. Fur- 
thermore, we have as yet no means’of knowing that the 
jundamental assumptions underlying the van’t Hoff-Raoult 
relation hold true for silicates. We ought, therefore, to 
hesitate before forcing the results thus far obtained into 
formulae which were deduced for wholly different condi- 
tions and which apply none too accurately even then. 
Obviously, the calculation of molecular weights from con- 
centrations of ten, twenty, and even fifty per cent., as has 
sometimes been done, can serve no useful purpose. 


‘“A glance at the technique of measurement of conduc- 
tivity in aqueous solutions will reveal how unwise are gen- 
eralizations based on experiments with the conductivity of 
silicates. Maintaining a constant temperature throughout 
even a relatively small volume is extremely difficult at a 
temperature of 1200° C. Electrodes and containing vessels. 
can not be maintained constant in shape or dimensions, 
nor can perfect or constant contact relations between the 
electrodes and the melt be assumed. Until such essential 
conditions can be supplied, we cannot hope to derive much 
useful data from merely passing the electric current through 





~ 


1 The Binary System of Alumina with Silica, Lime and Magnesia. Amer. Jour. Sci.,. 
4th Series, XXXII, p. 294. 
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a silicate. The effect of high and varying viscosity on con- 
ductivity is unknown.”’’ 

Mr. Kerr has an exalted opinion of the scientific value 
of the empirical formula. I am afraid this appreciation 
cannot be shared by those who are familiar with the assump- 
tions on which it is founded’ or by those who have any 
appreciation of modern silicate chemistry.’ 

The empirical formula may be convenient but it is 
CCicaiiy snot scientiic.. ) belleve (the, quotations” from 
Seger and Professor Orton, given Jin tHesitstaldeus or tly. 
article, define definitely the status of the empirical formula. 

In regard to building a foundation for future ceramic 
Stictice andsto the: necessity for searching out the general 
law and applying it to the special case, I wish to say that 
he would have us work the modern scientific method back- 
ward. If we ever want to have a scientific understanding 
of the relations between composition and physical proper- 
ties of ceramic mixtures, we must shelf some of our hastily 
conceived generalizations and collect a body of actual 
experimental data. We will then be in a position to make 
provisional generalizations—if there are generalizations to 
be made. | 

The experimental determination of the relative amounts 
of the various materials of various physical condition nec- 
essary to produce a given pyro-physical effect in different 
classes of ceramic mixtures would be a rough flaying of 
the way for a scientific understanding of some of our cer- 
amic problems. 


NOTE PREPARED AFTER READING MR. STALEY’S DISC US- 
SION. 


Mr. Kerr: I hope that the spirit of personal abuse 
will not gain ground in the Transactions of the Society. 

There are three points in further discussion to which 
I wish to direct brief attention. 





1 Classification and Nomenclature of the Silicates, by Professor Orton, Vol. III, Trans. 
Amer. Cer. Soc. 
2 Iddings, ‘‘Igneous Rocks,’’ Chapter IV. 
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1. Are manufacturers of ceramic wares interested in 
the chemical constitution of their products? 

2. What connection have molecular weights with 
chemical science? 

3. Is it working backward to develop laws in the 
laboratory and then study their application in commercial 
work? 

In answer, to, the first, question. wexcan point Mo, tne 
iron and.‘steel industry... Probably the,directors ol jcome 
of our large iron and steel plants are not familiar with the 
iron-carbon diagram, and it is easily conceivable that many 
ofthe’ stockholders haveonever heard of: ferrite sbuteitas 
universally conceded that were it not for the development 
in the laboratory of the study of the chemical constitu- 
tion of the iron compounds and alloys, the present position 
of iron and steel manufacture would not have been possible. 
Probably the ceramic manufacturer will never be interested 
directly in the chemical constitution of his wares, but there 
is a greatly increasing number of people who believe that 
study of the constitution of the silicates and the laws 
governing their formation and properties is the path along 
which permanent and safe development must come. 

As to molecular weights, it must be remembered that 
as they are at present used in the general field of chemistry, 
they are simply convenient means of expressing combt- 
nations of atomic weights, and in that sense, the one in 
which they are generally understood, their intimate con- 
nection with the development of chemical science needs 
no proof. Whether or not the true molecular weight is 
a multiple of the combination of atomic weights used, 
does not affect the reasoning involved. 

The answer to the third point is self-evident. The 
fundamental idea of laboratory investigation is to make 
possible the study of any problem under conditions where 
all the factors are capable of being regulated. Thus, 
one point may be studied at a time. Laws or theories 
may be evolved in this way, and by a laboratory study 
offthe effects of the various governing conditions, the laws 
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may be applied to commercial work. Of what use are laws 
if we must wait until the maximum perfection (or even 
partial perfection) in commercial work has served to bring 
them out? Laws lead to a development and not develop- 
Ment, to slaws... surely -the:. logical: method “isto ‘study 
in the laboratory, laws and conditions governing them 
and then to apply those laws under the conditions of 
manufacture. 

Silicate chemistry is exceedingly difficult as all chemists 
know, and comparatively little progress has as yet been 
made, but it is not safe to understand this to mean that 
very little progress will ever be made. If it is possible, all 
courses should be avoided that lead to a splitting up of the 
silicate field into disconnected parts each of which has its 
own peculiar language unintelligible to the rest. 


NOTE ON THE MANUFACTURE OF SILICA BRICK BY THE 
“ANACONDA”? METHOD. 


By A. F. GREAVES-WALKER. 


The method of manufacturing silica brick described in 
this note was undoubtedly originated by the Amalgamated 
Copper Co., of Anaconda, Montana. Sofarascan be learned, 
it is now being used only at one other plant. 


THE PROCESS. 


Preparation of the Batch.—The method of preparing 
the silica mix is the same as in other processes. The raw 
silica is dumped into the wet pan and 2% of slacked lime 
added. The batch is ground until the largest particles of 
silica are about the size of a pea and then shoveled directly 
upon a moulding table, one side of which is cut to fit the 
rim of the pan. 

More water is used with the batch than in the old 
process, in order that it may more easily fill the corners of 
the moulds. 

Moulding of the Brick.—A three-brick mould is used. 
The moulder simply ‘‘slops’’ the mix into the moulds and 
cuts off the excess with a wire bow. A boy then takes the 
mould from in front of the moulder and replaces it with 
an empty one- He then dumps the brick upon pallets 
made of lath, six brick being dumped upon each pallet. 
An off-bearer then carries the pallets to the drying racks. 


Drying Preliminary to Repressing.—The racks which the 
writer used in the Utah plant were in the open moulding 
room, the heat being supplied from ducts under the floor 
through which waste heat from the kilns was conducted. 
Openings in the ducts allowed the heat to circulate up 
through the racks. 

The brick are allowed to remain on the racks until 
they are hard to dent with the finger. 

Repressing of the Brick.—They are then put through a 
repress. The press used by the writer was an ordinary 
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Raymond Victor Repress with two moulds. The bricks are 
taken from the off-bearing belt and again placed upon 
lath pallets. The pallets are then placed in a permanent 
drier, where the bricks-remain until bone-dry. 

The attempt to repress two bricks at atime on the repress 
used proved a failure on account of the lightness of the 
springs. With a single die, however, this press gave suc- 
cessful results, but the capacity was cut in two. A strong 
heavy repress is absolutely necessary for best results. At 
Anaconda, a special repress was constructed on the lines of 
a dry press which successfully repressed two brick at a 
time. 

By submitting the brick to this high pressure the water 
is forced from the interior to the surface, carrying with it 
the fine particles of silica. This gives a nice smooth finish 
to the surface, which together with the sharp corners and 
edges obtained in the repressing process, produces a brick 
of excellent appearance. 

Contrary to what might be expected, the breaking, 
in the repress, of the bond produced by the preliminary 
setting of the lime does not in any way affect the final 
bond of the thoroughly dried ware. When the bricks are 
thoroughly dry, they are extremely hard, so hard in fact, 
that it is possible to drop them on their ends from a height 
of three feet without “breaking them, This, .of course, 
makes the breakage between the drier and the kiln very 
light. 

Burning of the Brick.—The dried bricks are sufficiently 
strong to permit of setting to any desired height and their 
structure is so dense as to be sufficiently burned with a 
heat treatment as low as cone 9. With this heat treat- 
ment, the brick are hard enough for any purpose and have 
the particular advantage of being as easily cut as a soft 
burned fire brick. 

Improved Methods of Handling the Brick.—In a plant 
recently designed by the writer, the brick, after being 
dumped upon the pallets from the moulds, will be placed 
directly on soft mud rack cars. As each car is filled, it 
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will go into a short tunnel drier for a preliminary drying. 
This use of the pallet cars will save the off-bearer the trip 
to the racks, and will also shorten the preliminary drying 
period, besides putting the brick in better condition for 
repressing. 

In the open racks, the brick were not ready for the repress 
for about three hours after being made, and being in the open, 
they naturally dried at the corners and edges first. These 
dry corners and edges were extremely difficult to handle 
at the repress. It is expected that with the use of a tunnel 
drier, the brick will be ready in from thirty minutes to 
one hour, and instead of getting harder on the outside, 
will dry evenly throughout. 

On leaving the preliminary drying tunnel, the bricks 
will be run to the feeding end of the repress and, when taken 
from the delivery end, will again be placed upon the pallet 
ears. They will then go to the tunnels for the final drying, 
remaining on the cars until set in the kiln. 

Wooden moulds were used entirely, which, of course, 
were sanded before filling. The writer is convinced, from 
observations made, that iron moulds would be far superior. 
The use of iron moulds with the soft mixture used would 
do away with the necessity of sanding. 


THE COST OF MANUFACTURE. 


The cost of manufacturing brick by this improved 
method will be approximately the. same. as ~the @coct 
of manufacturing soft mud fire brick as practiced in 
the East... Each pan. will produce. 4000. nine-ineh 
brick in nine hours. The total number of laborers required 
for the first half of the process will be one pan tender, one 
moulder, one mould dumper, one off-bearer and one gar tender. 
The second half of the process will require one represser, 
two helpers and one car tender. This makes a total of 
nine men, or the same number as is required for the aver- 
age soft mud fire brick gang making from 4000 to 4200 for 
a day’s work. In fact, it will be seen at a glance that there 
is very little difference in the two processes. 
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ADVANTAGES OF THIS METHOD. 


Bricks are Denser.—It was found by actual test that 
the repressed brick weighed from two to four ounces 
more than those made by the pounding method. This 
means that from two to four more ounces of material 
are pressed into the same number of cubic inches. This 
can have but one result: a denser, closer grained brick, 
both before and after burning. 


Less Heat Required.— With the brick made by the 
old method, it is necessary to use a very high heat treat- 
ment (cones 13 to 16), in order that the lime may become 
sufficiently active to bond the particles of an open body, 
whereas, by making the raw body denser, a lower heat 
(cone 9) can be used. 


Brick Easier to Cut.—Brick layers often complain of 
their inability to cut silica brick to any desired shape, as 
the glassy, brittle body of the hard-burned brick will not 
follow the hammer. Brick made by the Anaconda method 
can be cut into any shape the bricklayer may wish. They 
are not brittle and glassy, but tough and strong. Their 
toughness also makes the transportation breakage much 
lower than that of the hard-burned brick. 

Can Use a Variety of Silica Rock.—That this method 
is suitable for different kinds of silica or ganister is shown 
by the fact that the two widely varying types of rock are 
now being used. At Anaconda, the material used is known as 


an DulleOuartz.” It is a quartz. rock which breaks into 
large boulder-like masses and is extremely hard. The 
Utah material is what is known as a “Sugar Quartz.” It 


has a crystallized sugar-like appearance and is quite soft. 
When shot, about half of it is reduced to sand. 

These materials are so unlike, physically, that there 
can be no doubt that the method is adaptable to different 
kinds of quartz. 

Uses of Silica Brick.—It has long been taken for granted 
that the field of usefulness of silica brick is very limited, 
and it is, therefore, rather surprising to many to see this 
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field being rapidly broadened. A few years ago it would 
have been thought impossible to use silica brick for boiler 
settings, yet this is being successfully done. For some 
years past, silica brick have been very successfully used for 
coke oven crowns and brick kiln fire box linings, two ex- 
tremely hard places. Their use in the iron and steel indus- 
try is also broadening. 

Machine Versus Hand-made Silica Brick.—While it 
would be quite impossible to get silica brick manufacturers 
to admit that good machine-made brick are even a remote 
possibility, the writer is firmly of the opinion that high- 
grade silica brick can and will be made entirely by machin- 
ery in the near future. 

Comparative Cost of Anaconda and Old Process.—The 
first cost of making brick by this old method is probably 
less than by any other process yet devised, but consider- 
ing the loss resulting from the poorer physical structure, and 
the greater cost of burning as compared with the ‘“‘Anaconda”’ 
method, it is doubtful whether there is much difference to 
be found in the aggregate cost. 


SEGER’S RULES FOR CORRECTION OF GLAZE DEFECTS 
BY CHANGING THE BODY. 


byo Roses CO. PuRD Ys; Columbus, O: 


On previous occasions' we have discussed Seger’s 
rules for the correction of crazing and shivering. At this 
time we wish to present additional evidence and sum- 
marize some of the conclusions. 


The new data now to be presented were obtained on white 
ware body mixtures of such a variety of combinations 
ol feldspar, clay and: flint, as to cover the entire fieldas 
described by the triaxial diagram. 


Each body was weighed separately and the weights 
checked by more than one person. They were then blunged 
in the Bonnot jar mills, screened through a 120-mesh 
brass cloth, and poured into muslin-lined saggars. The 
slips dried and drained until the residues were in “‘stiff mud’’ 
condition, and when so thickened, they were wrapped 
in muslin and stored in a damp room for an average of about 
six weeks. 


Materials Used.—The materials used in the bodies 
were Canadian feldspar, Ohio silica flint, and a clay mix- 
ture consisting of the following: 


390 parts English Ball Clay No. 12. 


390 “ Mayfield Ball Clay. 
260 “ Florida China Clay. 
260 “ Bryson Georgia China Clay. 


“ 


260 English China Clay (unknown). 


Following are the ultimate chemical analyses of some of 
these materials: 


iMvirans: AC Se Volevirl, ps7 9: 
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Table 1.—Ultimate Analysis of Some White Ware Materials. 


























Ohio silica Canadian Bryson 

flint feldspar kaolin 
SIO). ce i ee 99.18 65.15 45.31 
AL OLAS i ake 0.0 18.65 35-94 
POLO yes Bele TARAS, se A 0.26 0.10 0.70 
DIOS tanec aed wis O.O1 0.0 0.04 
CON arena ni ar Bena 0.01 0.18 0.0 
MOTE ce ayen ates O.OI 0.0 0.0 
KO neta haere See 10.88 0.48 
NasCh5o eve ts as | Syed 4.44 0423 
| 2 Oe nas Peer | Oia Ong2 17.00 

99.58 SE eek ee Ae 








The Glaze.—The glaze used was: 


Fritt: 

0.1875 PbO | 
2 K,O Bes SiO 
i. y's @ 316 SAG bi a “ee 


O. 
0.0625 Na,O | J 0.5875 BO, 
0.500 CaO 


Combining weight, 297.45 


Glaze: 
org? PDO 
0.05 Na,0O | | 2.49 SiO, 
O12 5 KO ooo: ‘aie B50, 
6. 40.CaQ) 2 


The batch formula of the glaze is as follows: 


Bytes A a eee ee men eee 238.0 
White leaass x Sone, Sener em eee eae 38.4 
elds pare eo eas ote pater eae ea ree panes ae 27.8 
BE ear pee CuCE Ame URSIN Sta gooey aia al 25.8 
Bite croll oxsecuss Nec nen orphan otk pe ree mee 12:0 


The Biscuit.—The biscuit were 10 cm. discs, made 
in the plastic by hand-pressing, and burned to cones 1, 
3,°5, 7) 9 and 1, respectively;with coke firesima.o.tomce 
hours. 
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Dipping.—The bodies were dipped, using a thick glaze 
slip for the vitrified biscuit and a more fluid glaze slip for 
the more porous biscuit. 

Placing.—They were placed in saggars, in stacks 
of five trials each, the trials being separated by stilts. 

Burning.—The saggars were coke fired to cone 4 
down on outside of saggars, and cone 3 down inside of sag- 
gars. Total length of burn was 50 hrs., the kiln being 
held at red heat for 20 hours longer than necessary for 
want of coke with which to progress. 

The ware was cooled completely to room temperatures 
before drawing, ninety-six hours elapsing after completion 
of burn before trials were drawn and studied. 

Manner of Studying Results.—The trials were sorted 
first by biscuit heat and then by series. The condition 
of the glaze on each trial biscuit was then noted on a tabular 
SHEL: 

Triaxial diagrams were then prepared for each biscuit 
burn, showing diagramatically the areas, and their bound- 
aries, covered by bodies showing respectively ‘‘Fit,”’ 
; Shiver cand. Craze: ol glaze: 

Seger Laws.—Seger’s laws (as tabulated by Professor 
Edward Orton, Jr.) are as follows: 


Hot or expanded lergih 








Hor or expanded length 
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CONCLUSIONS. 


(DeeR ies 12, F745 5 and 6/) 

(1) Shivering (rupture of the body) occurred with 
high flint content in the body, the area of shivering de- 
creasing rapidly as the biscuit heat treatment increased 
from cone 5 to cone I1. 

(2) Crazing is produced by low-flint and high clay, 
irrespective of feldspar content. . 


Trans. Arm. Cer. Soc. Vol. x/// ' Furdy 
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(3) Trials with high percentage of feldspar and _ bis- 
cuited at cones 1 and 3 show crazing, but these same trials 
biscuited at cone 5 and higher showed no evidence of 
crazing at the time of examination. This is not in full 
keeping with the oft-stated opinion of practical potters 
that increase in feldspar in the body leads to crazing of 
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the glaze, in fact this is in contradiction to one of Seger’s 
conclusions. 

(4) The diagrams seem to indicate that with flint 
content: between .30:. and ‘50 -per cent., and;biseuited Jat 
cone 5 or higher, the bodies could have all possible varia- 
tion in proportion of feldspar and clay without causing 
this glaze to craze, or the body to shiver under this; glaze. 


Trans. Arm. Ger Soc. Val. X/// Fardy 
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(5) Effect of Variation in Feldspar.—(a) With clay- 
flint proportions between (3 to 3) and (3 to 7), addition of 
feldspar_in any quantity will not cause crazing unless it 
should ‘do, so’ when’ the téldsparycontent isto perecene 
or more. ~ Judging. from**thecone 5. and cone'™7 velaze 
fit data, even this possibility of crazing, due to higher 
feldspar content, appears unlikely. This does not agree 
with Seger’s rules. 
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(6) If, however, it is assumed that Seger formulated 
these rules as applying only within practical limits of 
body variations, we find that his rule, to the effect that 
decrease of feldspar content in bodies will tend to over- 
come crazing, holds in a limited way in case of the bodies 
which are usually employed in china and C. C. ware, but 
does not hold in case of the best composition for wall tile 
bodies, and, in fact, in dry-pressed bodies generally. 


Trans. Am. Cer Soc Vol AV Furdy 
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(c) If, in a given body, the ratio of flint to feldspar 
ehouldepe;changed. as,tornexainple, from, (4.-—— 1) ‘to (4_—:6), 
the clay content remaining the same, crazing would follow 
rf the clay content is more than 35 per cent. of the entire body 
mix, and since most pottery bodies contain more than 
35 per cent. clay, it follows that in pottery manufacture, 
feldspar can not be substituted for flint without experiencing 
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crazing. This is in keeping with Seger’s rule concerning 
the effect of feldspar. 

(d) In case of body mixes containing less than 35 per 
cent. clay, according to the available data, it may be con- 
cluded that the ‘‘glaze fit’’ would not be effected by change 
in proportion of flint to feldspar. If this proves to be the 
case under all conditions, then in those white ware bodies 
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consisting of 35 per cent. or less of clay, a change in ratio 
of flint to feldspar or, referring to the rational analysis, 
in the mineral make-up of the ‘“‘clay’’ itself, would have 
no effect on “‘glaze fit’’ except when the flint should become 
excessively high and then shivering would ensue. 

(e) With flint ‘constant. at “40 per cent--or iore,y the 
proportion of clay to feldspar may vary through all possible 
ratios without encountering crazing but with much less 
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than 40 per cent. flint, the proportion of clay to feldspar 
on which the glaze will stand without crazing is limited 
to those bodies which are either high in feldspar or high 
in clay. 

(7) If manufacturers would increase the flint content of 
their bodies from the usual 36 per cent. up to 4o per cent. 
or more, keeping the clay content constant, they would 
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find that with very little increase in biscuit heat treatment 
they would not only obtain ware which would be tougher’ 
and whiter and less expensive, but also one which would 
not be effected by the changes in mineral constitution 
of the clays or feldspar, thus making a rational analysis 
(direct or indirect), without question, unnecessary. 


1 See KE. Ogden, Trans. A. C.S., Vol. VII. LL. Ogden, ‘‘Effect of Variation in Com- 
position on Toughness of Porcelains,’”’ this volume. 
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(g) Seger’s rule concerning the effect of feldspar on 
glaze fit. applies 1n but few of the practical bodies unless his 
vule 1s understood to apply only to the substitution of feldspar 
for flint or vice versa.’ 

(6) Effect of Variation in Flint and Clay.—Between 
the limits in proportion of flint to clay (7-3) and (3-3) 
respectively, Seger’s rules do not apply, but outside of 
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these, limits they most cértainly do, apply. iniactom 
practice nearly all types of white ware bodies may be 
designed to fall within these limits, but since, for many 
reasons, set forth. elsewhere inj this, voliume..tiegoractical 
bodies are not far removed from the boundary between the 
fit and craze areas, additions of clay at the expense of flint 
in these will surely cause crazing just as Seger says. 





1 See page 608, Vol. II, Seger’s Collected Writings. 
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(7) Effect of Increase in Biscuit Heat Treatment.— 
(a) In these studies, the crazing area decreased as the 
Disctit heat treatment increased from -cone=1 to cone 
Pee With wiurther acreases in beat) treatment (cone. 7 to 
cone 11) -the ‘craze area increased, which checks Hecht’s 
findings as shown in diagrams by Ashley (Brick, Sept., 
1905), checking also the findings of the classes ’og and ’10, 
Ohio State University, but which is not in full agreement 
with Sevger’s laws on this point. 

Seger, according to his own admission, had no ex- 
periments bearing on the effect of increase in biscuit heat 
iweatimient (Seep .2 1608, 10¢)5C1t.) o buts gave. his’ rule wholly 
from general impression. 

(6) Burt,’ assuming that in his case a body fired to 
vitrification was ‘“‘overfired,’’ claims that increase heat 
igeatment wp io? that suticient) to)overfire’ «the: body. 
decreases crazing. This is checked by the results obtained 
in our own laboratories, only insofar as some few of the 
bodies usually employed are concerned, but in mixtures 
containing more than 20 per cent. feldspar together with 
twenty-five or more of flint, mere vitrification will not 
Gatise the -vlaze tolcraze: In our; studies, we had bodies 
which, when biscuited at cone 3, were non-absorbent in 
the 48-hour soaking test and which did not cause the 
glazemLto. craze: even when biscuited’ at'°coné:r1))'Mere 
overfiring of the body or even mere vitrification will not 
effect crazing in all cases. “In fact, the effect’ of ‘imecreased 
biscuit heat treatment in causing crazing is to be seen only 
in mixtures containing thirty per cent. or less of flint and 
ten per cent. or more of feldspar. 

(Qe burtdurther @states *thathin case of 2 “overfired”’ 
bodies (2. e., vitrified) increase heat treatment increases 
crazing, therefore, Seger’s law does not. hold in case of 
vitrified bodies. We are warranted in saying that Burt’s 
conclusion applies to very few of the body mixtures. 

(d) Burt, in the statement that “if a body, maturing 
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at cone 6, crazes, adding silica and still firing to cone 6 
will not help matters, because our body is now under- 
fired—the body must be carried to cones 7 or 8,’’ gives the 
impression that increase in biscuit heat treatment from 
cones 3 to 7 or 8 is more potent in overcoming crazing 
than the addition of silica. Our results on several body 
mixtures and with different clay mixtures do not check 
this adea., We are) dtorced! stoyconcludeithat, thesetiectsor 
increase in heat treatment is only slight compared to that 
of the 1nereasemnahint: 

(e) Weelans! makes a statement that if a glaze crazes 
more as the biscuit heat treatment is increased, the crazing 
is due to overfiring of the body. MHecht’s results with a 
porcelain glaze similar to the one used by Weelans do not 
check this conclusion and our results with a cone 3 fritted 
glaze gives ‘Clear evidence! that=-thevincrease wolreraziae, 
which follows from increase in biscuit heat treatment 
from cone 7 and upwards, is true only for bodies low in 
flint (o-25 per cent.) and containing feldspar, range from 
5-65 per cent. We can not believe that mere overfiring 
will cause all body mixtures to craze, for our glaze stood 
on many of the body mixtures even aiter they had been 
fired to the blistering stage. 

(8) The discussion by Ashley? in which he points out 
that the same body remedies which will effect a cure for 
crazing and shivering with one glaze will not hold effective 
with all types of; glazes, as very. trues Iniactwthicsicetie 
reason for lack of parallelism in Weelan’s, Griffin’s and our 
own findings. 

(9) Seger’s rules can not be considered as applying 
rigidly under all circumstances, and at present we are not 
able to formulate rules that do have a general application. 

(10) On comparison: of results obtained by the 709, 
"ro and ’11 classes at the Ohio State University, we find 
that my own conclusions® regarding the rather wide limits 
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3 ‘Frans. A. C. S., Vol. VII, pp. 79-88. 
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of possible body variations within which Seger’s rules 
apply, are true, but on considering all factors which effect 
successful production of wares on an industrial scale, 
I must now conclude that Seger’s rules were intended to 
be and are applicable in certain ways only to the bodies 
which are usually used in white ware pottery manufacture, 
but either have no, or only a most general, application to 
those bodies which are to any extent dissimilar to these. 


(11) When a potter has the opportunity to change his 
block and cases, and molds to allow for the difference in 
shrinkage caused by an increase in content of flint in his 
white ware body, it would be eminently wise to use higher 
content of flint than is generally the custom. 


DISCUSSIONS. 


Mr. Binns: If the area in which non-crazed ware is 
produced is so enormous, why do we get crazed ware at 
ai eno teeauthaion the bodiessinvwhich the flint had 
been replaced by feldspar, it is impossible to fit a glaze. 
How, then, do we glaze Belleek? 

Mr. Purdy: Yesterday, I reviewed the considerations 
of why potters are limited in possible variation in composi- 
tion of their bodies. Our craze area describes what we 
obtained a week or so after firing, nothing being done to 
hasten crazing, while Hecht’s area was obtained after 
a longer interval, and after boiling in salts. We do not 
claim that ours is right and his wrong, but merely state 
why ours is not so badly crazed as his. The fact that he 
got craze in this area, which includes most of the bodies 
in actual use in our potteries, shows that they are lable 
to craze. There is no practical reason why bodies cannot 
be made of compositions which lie outside of Hecht’s 
craze area, and it would be best, for as a general thing 
they would be too high in flint to permit of crazing. 

Of course, there are special wares that could be made 
elsewhere. Such wares as Belleek, containing little flint, 
but which are high in feldspar, would be well within the 
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non-craze area. Feldspar causes crazing only when sub- 
stituted for flint in such bodies as are used by china manu- 
facturers.; -Astudy of our curves’ willimake plainsthe 
difference between the Belleek and china in this regard. 


Mr. Binns: My impression still holds that if the 
potters would consider the rational composition of clays 
more thoroughly, they would avoid, to some extent, this 
close proximity to the danger line. Every clay contains 
a certain amount of feldspar, running from 0.2 to 0.5 
per cent:tup toi 20r 25 percent. all you sipstitienar ela 
with practically no feldspar in it for one containing 10 
per cent., you are going to increase your feldspar content 
and decrease your clay content. Professor Purdy merely 
takes clay as clay. He does not consider how much feld- 
spar may be in it. I do not think that this is scientific. 
Mr.. Purdy said, yesterday, although: notin, sommany 
words, that it would not matter what the composition 
of the clay was, because the area of non-crazing is so wide; 
and he tried to get me to admit this. He now shows that 
this area is circumscribed within the realm of practical 
body-making, so it..does matter. The content of feld- 
spar and of clay substance in a clay is of vital importance, 
and, Joam not convinced that this 46 notice 


Mr... Purdy, At. the, Ohbio,otate University, svesuave 
tried experiments for three different years on this rational 
analysis proposition, and our results were quite interésting. 
We took a kaolin, a feldspar, and a flint, and had our stu- 
dents analyze mixturesofthem. When the rational analysis 
was reported, the figures were just the figures that we had 
used. Therefore, what.is the good.of rational analysis 
on a pottery body? Professor Staley was not in sympathy 
with me on this rational analysis proposition, and is not 
completely so yet; hence, he is innocent of any bias in the 
matter. The students are now making, under him, these 
same sort of analyses, and we expect they will present 
us with the same. sort of figures. The clay will probably 
be equal to the clay that we weighed up, and the feldspathic 
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material equal to the feldspar, and the flint to the flint 
that we weighed. 

Mr. Binns: You are using the laboratory method 
with sulphuric acid? 

Mrs Purdy: Yes. Furthermore, we cannot distin- 
guish between mica and feldspar. Last year, Professor 
Binns said that this made no difference; that the result 
would be the same. I did not dispute with him, because 
ipwas content! to get his; Statement to that ‘effect... Isam 
now working on some data in which I am using that quo- 
tation, but the fact is that mica will not be like feldspar 
ina pottery body. There is a goodly sized factor represent- 
ing the difference between the two in regard to their effect 
on fusibility; and the German that you quoted found a 
similarity in general trend of the curve, but not in the 
data itself. The curves were not coincident. The effect 
of mica and that of feldspar are different, and you cannot 
tell how much of each you have. 

Mr. Humphrey: As 1 understand Mr. Purdy’s paper, 
he adopted a combination of china and ball clay, which 
bemamedscoluctant., though -the percentage varied. «I 
should like to ask whether the results are the same, if the 
ball clay increases and the china clay decreases, or vice 
versa? 

Mr. Purdy: We did not go into that matter, and 
we have not taken up the question of the difference be- 
tween china and ball clay. I know, however, from Hecht’s 
work that our areas would be different with different ratios 
of ball to china clay. 

Mr. -Bivie,. The subject of craze is one that: the longer 
I live, the more I am coming to the conclusion is bigger 
than any we carry out experiments upon. When I started, 
I thought it a simple proposition; but the longer I labored 
with it, the more I came to believe that there is a lot con- 
cealed in it that we have not got at. I think that in a 
work like this of Mr. Purdy’s, if he would gather what 
further data he could on the materials he uses, it would 
add a great deal of value to his paper. He should consider 
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the particular degree of fineness of grain of the flint and 
feldspar, and possibly of the clay. 

Some time ago, I advanced before the Society what 
I called the sponge theory. |. While I still- hold un vavlarce 
measure that change of form of the silica from its crys- 
talline to its amorphous state is a cause of crazing, I be- 
liéve there’is another’ factor ‘taking “place that: Pirdid 
not think of at that time. As you approach vitrification, 
a greater solidification of your body, you will get a greater 
result from your coefficient of expansion than you would 
in the more “porous; “open “structure 1 “endeavored te 
explain this by a comparison to a sponge. If you have an 
open sponge and push on one end of it, there is very little 
result at the other end: If you imagine the pottery ‘body 
as a mass of open pores, you will see that it has more space 
in which to.expand than a denser body, and the effect 
is not so much felt as if it were a non-porous body. In 
that hypothesis there is a counter-action of the theory of 
the: passing over of ‘flmt “from the crystalline ~to- the 
amorphous state. 

Mr Binns: “1-téel that. the subject1s Mol veryaeviras 
importance to the white ware men, so you will excuse 
me if I prolong this discussion. I would say that long ago 
I was entirely dissatisfied with the sulphuric acid method, 
but I believe in the approximate value of the calculation 
method of which I spoke yesterday. I believe alkali 
in a body, in whatever form, has somewhat the same effect. 
I do not think that mica has exactly the same effect as 
feldspar, but that its “effect 71s. somewhat “the ‘same wana 
that for our practical pottery purposes, it may be approx- 
imated, for the reason that mica is comparatively scarce 
in most body mixtures. Some kaolins contain a good 
deal, but the English china clay makers take the trouble 
to extract the mica. What mica we find approximates 
the action of feldspar, and I believe that we can thus ignore 
that factor, and by a simple method of computation, 
without any laboratory work at all, separate the clay into 
its minerals. Thus we can bring to bear our knowledge 
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of the behavior of each of these ingredients, unhampered 
by the substance with which they are contained. Pro- 
fessor Purdy speaks of his experience in which a body 
was made up of china clay, feldspar and flint, and when 
analyzed, gave the same amount. ‘The result is perfectly 
possible. Youjmightifind: a,number of instances: of it, 
but I can also produce a number of instances to the con- 
trary. . 

Mr. Weelans: English ball clay will decrease shivering, 
for it is high in alkalies. » 

Mr. Maddock: We have had crazing occasionally. 
It occurred before we were born, and occurs at the present 
time. The manufacturer may have a good body and have 
some pieces that will craze, and some that will not. He 
may drop into a run of crazing, and not get over it for 
three or four months; and after that, have no further trouble. 
Individually, I do not think that glaze has anything to 
do with crazing. I think that the difficulty lies altogether 
in the body. If you have the right body, you will have no 
ctazing, | provided that. the. glaze is right. As a rule, the 
manufacturer is in the hands of his workmen. He does 
not fhite brains, he hires-labor. «They. may fire the kiln 
one way one time, and the next time entirely differently. 
He has made the ware the same in each case, but the dif- 
fereneceplestiny the:kiln-oolhe,man way yhurry the, kiln, 
firing it up early in the morning. He may have it fired up 
to the proper cone, but it has not had time enough to reach 
this cone throughout the kiln. If a kiln gets behind on 
the first day, the results will not be the same as if it had 
been attended to properly. The man who comes on at 
night cannot make up for lost time, and there will not be 
heat enough to penetrate to the center of the kiln, although 
the pyrometer may show that it is up to the proper cone. 
Part of the ware taken from it may be good, and part not 
good. I think that there is more difficulty in regard to 
crazing from these things than from anything else. As 
I have said, it is my experience that glaze has nowhere 
near as much to do with crazing as the biscuit itself. 
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All the underfired ware will craze more quickly than 
will that fired up properly. With a body high in silica, 
you must “increase the’ fire an he “biceutte Silicate sbodx, 
is higher in feldspar, you decrease your firing. Where the 
point that you cannot pass is, I cannot say. 

Mr. °Eleod: 1. “was -much interested Ham Professor 
Purdy’s remarks that he got such exact figures in his rational 
analysis. I have never been able to find any feldspar 
in English ball clay through rational analysis, but have 
done so through chemical analysis.: Therefore, I): think 
that it is rather strange that Mr. Purdy should have found 
his figures for rational analysis agree so exactly with the 
way he made his mixtures. I have found that when making 
such analyses day after day, no two would be the same. 
We would always find one or more per cent. difference 
between the quartz and feldspar content. 

Mr. Burgess: I do not think that you can take any 
clay as clay, the flint as flint, and the feldspar as feldspar, 
and mix them in such and such proportions and expect 
uniform results. You must know definitely what the chem- 
ical content of the various materials is, and the only way 
to learn. is- through “the .chemical and” physical stest ig 
may be wrong about this, of course, but I do know that 
when you try to substitute certain English clays for other 
English clays, you may produce crazing; and when you 
substitute English clay for American, you are pretty sure 
to produce crazing. If you use one feldspar for another, 
without knowing its chemical content, especially the 
percentage of soda and potash, you are going to get into 
trouble. I say this because I have gone through such an 
experience and know whereof I speak. . 

As Mr. Maddock has said, and as I think we all know 
as practical potters, a tremendous lot depends upon firing. 
If you do not fire the biscuit enough, you do not get the 
full contraction of the materials entering into that body. 
I think also that a good deal depends upon the composition 
of the glaze, but if you have a glaze that in ninety-nine 
cases out of a hundred comes out all right, I think that 
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you can depend upon it not being the glaze that is at 
fault, provided you are using the same materials in the 
glaze. If you are using the same materials in both body 
and glaze, and in one case the result is satisfactory, and 
in the next it is unsatisfactory, there is, in all probability, 
something wrong with the firing. So far as crazing goes, 
I am satisfied that it does not depend upon any one thing, 
and not always the same thing, but to prevent it, requires 
the careful and intelligent looking after all things. 

If you must change the materials, you should know 
their chemical andi: physical +differences...1. remember 
that years ago, when the old National China Clay was the 
best clay in this country, and we all had our mixings ad- 
justed to a certain proportion of this clay, it began to give 
out. We did not know what to do and began to shift 
about for a substitute. Many potters tried one kind of 
clay, some another, but most of those who were using it 
got into trouble at first because of want of scientific knowl- 
edge. It happens so with almost all materials. There 
was a great deal of trouble in changing from the Tuscany 
to the American boracic acid. 

This subject is so enormous that it cannot be covered 
in a few minutes. 

Crazing depends upon various causes, and eternal 
vigilance on the part of the potter is the one rule for guard- 
ing against it. 

Mr. Purdy: I know that you cannot substitute one 
clay for another without expecting a difference, but you 
cannot prove that the difference lies in the feldspathic 
material or in the chemical composition. It may lie in 
the content of other minerals, in difference in grain or in 
plasticity, and in other things that chemical analysis 
will not reveal. The question of fineness of grain is very 
important, and difference in plasticity is quite a factor. 

Regarding the finding of feldspar in these mixtures 
to be equal to the amount that we had added, I would say 
that we added. feldspar. If you. have feldspar, rational 
analysis will find it; but if you have.a, salt. of potash, which 
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is soluble in sulphuric acid, of course it cannot be detected 
in the rational analysis, and you may rest assured that it 
will not have the same effect as an equivalent amount of 
feldspar. That is why chemical analysis gets you farther 
from the facts than rational analysis. 

In reply to Mr. Burgess, I would say that if he has 
been using a body containing the same percentages of clay, 
feldspar and flint as used by the large majority of potters 
in this country, I am not surprised that a small difference 
in character of the body ingredients would be apt to bring 
on crazing, for the majority of the pottery body mixes are 
very close to the craze area. I have shown how the potter 
may so compound his bodies as to greatly lessen this lia- 
bility to craze. 

Mr. Parmelee: Mr. Stull has raised the point that 
crazing may be due to other things than a difference in 
the coefficients of expansion, and has suggested crystal- 
lization as a cause. I want to ask Mr. Purdy whether he 
has noticed any difference in the craze line in his glazes; 
for instance, the circular line accompanying the separation 
of crystals? 

Mr. Purdy: J have found circular lines and straight 
lines, but no crystals. A craze was a craze to us. As to 
the cause of the crazing, we have not gone beyond finding 
that it is caused by a change in composition. I do not wish 
to go on record as supporting any theory which has been 
advanced concerning the cause of crazing. I have con- 
fined my remarks wholly to observations and to deductions 
which were too obvious to require either development 
of new things or the support of those already advanced. 
My work is exactly of the same order as could readily be 
executed by any potter who would take the trouble to make 
such extensive studies. 

Charles Weelans: This contribution is a very valu- 
able one; its thorough and exhaustive treatment carries 
us further into the subject than we were wont to go. It 
seems to prove that some of the statements of former 
writers upon this subject were not wholly correct, due as 
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Prof. Purdy says in a great measure to the narrower limits 
of their research, they confining themselves more to the 
work of bodies and glazes of practical composition. 

A hasty review of Prof. Purdy’s work will not permit 
of a lengthy discussion yet we would like to observe that 
while it seems to be in contradiction to much that has been 
said before, in many instances it is a corroboration of 
them. Herein is the work valuable, for it eliminates the 
weak points of other arguments and strengthens the strong 
ones. Prof. Purdy’s evidence even though preliminary, 
“That pottery bodies containing less than 35 per cent. 
of clay would be proof against crazing irrespective of the 
proportion of flint to feldspar,’’ should be helpful to the pottery 
manufacturer, especially to those of limited knowledge 
and experience. We cannot so heartily concur with Prof. 
Purdy’s statement apparently recommending that “If 
manufacturers would increase the flint content of their 
bodies from the usual 36 per cent. to 40 per cent. or more, 
keeping the clay content constant, they would find in a 
very little increase of biscuit heat treatment that they would 
not only obtain ware which would be tougher and whiter 
and less expensive,’ etc. The qualities of toughness, 
whiteness and expense are important qualities, but in 
successful pottery manufacture there are so many other 
conditions of even greater importance that the above quali- 
ties, to a considerable extent, must be subordinated to 
them. 

We consider it hardly advisable in ordinary earthen- 
ware manufacture to use so high a content of flint as 4o 
per cent. or over. In the manufacture of earthenware 
the many dangerous elements entering into it are not al- 
ways under control. It is fired generally in kilns of large 
diameter, and an even temperature is not always obtain- 
able, and however safe the above recommended body compo- 
sition might be in the higher temperature of the kiln, for 
the lower temperature it is too near the danger line. Good 
clay in and out of kiln is the thing most important to the 
earthenware manufacturer, and the body composition 
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that will most successfully meet the sometimes uncon- 
trollable conditions of manufacture; that body which 
affords the greater margin of safety between shivering, 
crazing and cracking is the most acceptable. 

These remarks) /arexmade, presuming, that Proisburdy, 
in his recommendations was referring to earthenware 
bodies and not china bodies. 

Another conclusion stated later; namely, “In these 
studies the crazing area decreases as the biscuit heat treat- 
ment increases irom jcone .oneto scone! seven; jand @that 
in further increase of heat treatment—cone seven to cone 
eleven—the craze area increases,’ is in. perfect accord 
with many other writers, presuming that the body used 
reached its maturity in the lower heats and became over- 
fired’ in’ theyhigher:heats:;) However, Prot..Pucdy. modifies 
this statement later;-when he,says;. “-Mére ,overfiring~ of 
the! ‘body or /even:/anere zvitrification;dide not .eflectthe 
crazin gin; all, eases.” 7 

Inpractice> generally, the:dirst statement is found toe 
be true, crazing in the overfired bodies ceasing only when 
the glaze is changed to suit the overfired body, although 
this glaze when so changed would not be so satisfactory 
where the body has received proper treatment. 

Following this in Prof. Purdy’s conclusions, he refers 
to: the following statement made by the writer: “li a 
glaze crazes more as biscuit heat treatment is increased, 
the crazing is due to overfiring of the body.” * Prot. Purdy 
finds in ‘‘Hecht’s Results,” the contradiction of this and 
also apparently contradicts it himself by stating that he 
fired some of the bodies to the blistering stage and found 
no craze. In answer to this I would say: that the writer 
did not say that all glazes would craze with increased 
heat treatment of the body, but in such glazes as the 
writer was then using in his experiments. | 

As an evidence of this truth, I would refer to a paper 
read by.the writer at our Birmingham Meetings (‘‘American 
Transactions,’’ Volume 7, pages 57 and 58) from which I 
quote the following: “It was the writer’s.:intention, origi- 
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nally to overcome the crazing in these high-fired pieces 
by changing the glaze as had been Soke many times. in 
practice, but time would not permit this.’ 

Again, the writer cannot wholly agree with Prof. 
Purdy that ‘blistering’ is. always an evidence of over- 
firing. We have had, in practice, many cases of blistering 
body where the body was underfired. Again, the highest 
temperature Prof.’Purdy used*in -his’work (if the extract 
now in the possession of the writer rightly states) was 
hardly sufficient to overfire many of his bodies. The heat 
the writer used in the work, which occasioned the above 
statement of the writer and to which Prof. Purdy referred, 
was as high as cones fourteen and fifteen, and it was in 
these wuncreased heats that the writer secured the results 
spoken of. : 

If an earthenware body reaches its. full maturity 
at cone seven and the glaze used be fitted to mature at or 
about the same temperature, overfiring of the body is 
likely to bring about crazing; but in a porcelain body re- 
Qtirine “mich Vegreater “heat to“bring. it: to “maturity; the 
same glaze may be used with Jess liability to crazing. 
On the other hand, if an earthenware body, maturing at 
cone seven, be overfired, using a glaze though bright at 
cone seven but through its wider range is enabled to with- 
stand a much greater heat without damage, the liability 
for crazing in the overfired earthenware body is less. . For 
this reason we are, by changing the glaze, enabled in a 
measure to free the overfired body of this fault of crazing. 


NOTE PREPARED AFTER HAVING READ THE PAPER. 

Mr. Burt: This paper, while treating in part, with 
mixes far from practical, also aims to cover the parts in 
which practical working mixes would be found. The re- 
marks here given are from conclusions drawn from practical 
mixes only. ~ 

Test Pieces.—Purdy’s bodies were ‘‘blunged in jar 
mills.’’ Blunging, to my mind, is never grinding, while 
a jar mill always gives more or less grinding. Grinding 


180 SEGER’S RULES FOR CORRECTION OF GLAZE DEFECTS. 


often makes all the difference between craze and shiver. 
After drying to ‘‘stiff mud,” in manner described, thorough 
pugging, which is very necessary, is not mentioned. 

Test pieces made in the plastic by hand-pressing 
give a very poor trial to judge general results, because, 
first, the variations caused by the individual presser; second, 
lack of uniformity due to the face and sides being forced 
against the plaster while the back is not; and, third, the 
variation between results from same mix whether pressed 
or cast. All potters know that the same mix may shiver 
when pressed and craze when cast. 

Cause of Crazing.—The chart method of showing 
the effect of body changes on glaze fit is new and very 
interesting; but.afiter studying it- andthe late, researches 
in coefficient measurements, I still hold to the old theory 
that crazing and shivering are due to varying coefficients. 

Let us imagine a fully fused glaze on its body at full 
heat... Any > difference ; between, theatwo in. thise condition. 
is easily adjusted because of the plastic state of the glaze: 
If, after cooling has progressed to a point where the glaze 
is no longer plastic, the body and glaze do not contract 
alike, strains will be set up from the time the glaze begins 
to harden, and continue to increase in severity as the cooling 
proceeds. 

Purdy claims that Seger is inconsistent in describing 
crazing as an effect of the glaze having the higher coefficient 
of contraction on cooling if he does not grant the possi- 
bility of shivering in, the ‘same glaze .due.to -the- higher 
coefficient of expansion of the glaze on heating (see 
Purdy and Potts on “‘Influence of Clay, Feldspar and Flint 
on Coefficient of Expansion of Certain White Ware Mix- 
tures,;Biscuited at ‘Conel10’)):*) lL tchaimmthat) Seger 45 snot 
inconsistent, for I hold that both crazing and shivering 
are due to strains which start with the fixing of the glaze 
and grow worse as the cooling proceeds. Reheating 
merely rediices thé strain 

Few pieces come from the kiln free from strain. If 
the glaze has the greater coefficient of contraction, it will 
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be put under a strain in trying to cover the body, and 
presently, if it has not sufficient elasticity to longer stand 
this strain, crazing will result. If the conditions should 
be the reverse of this, that is, if after solidifying, the body 
should contract more than the glaze, the glaze would push 
off, 7. e., shiver. 

I offer the following comments, seriatum, on Purdy’s 
conclusions. 

(1) High content of uncombined flint will result in 
high coefficient of contraction of the body which, quite 
naturally, would cause shivering. 

(2) Low flint and high clay would give a body a low 
coefficient. Feldspar itself, being of low coefficient of con- 
traction, does not .aftect the results except in so much: as 
it dissolves the flint. 

(2). Dhere is) no,.doubt but that in many mixes, an 
Mietease noiieldcpareat the expernse-oi flint is the surest 
way of causing the glaze to craze. 

Purdy, commenting on my statement that overfire 
caused crazing, remarks that this was not true of bodies 
Witheovers2ouperocent..o1 jeldspar. I confess that I .was 
speaking of practical bodies and I know of no pottery or 
tleshodies in. Use containing over 20: per cent. feldspar. 
Futdyacteanteuiny. statement true, tor: mixes of less than 
20 per cent. feldspar, and then goes on to say: ‘‘We are 
warranted in eons Burt’s conclusions apply to very few 
of the body mixes.’ 

Pottery bodies and tile bodies Ae not vary to any great 
extent as the majority may be found between 50-55 clay, 
10-15 feldspar, and 35 flint. Now these are usually not 
fired to vitrification and Purdy grants my contention 
that increased fire decreases crazing up to full vitrification 
and does not disprove the further statement that with 
vitrification of these bodies crazing will increase. Seger 
not only worked with these so-called pottery and tile bodies 
but also with porcelain in which the feldspar is 20 per cent. 
and over, so that his general statement may be too broad. 

In my statement that increase of flint without increase 
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of fire will not help matters, we have another case of too 
broad a statement. It is true that increase of flint will, 
at: the same: heat, give less crazing il sthissas done= witht 
a hard fired ringing body; but the danger of increase of 
flint without increasing the fire is, as was well brought out 
by Weelans, Maddock and Mayer, that it would produce 
dunting. 

In considering this valuable work of Mr. Purdy, gener- 
ally, the main impression left is that of the amazing com- 
plexity of-the problem. He is dealing with’ one clay mix 
varied with flint and feldspar through varying heats under 
one glaze. | 

Starting with clay, we know that under a given glaze 
one clay seems perfect under all conditions, while another 
crazes and still another shivers even with no admixture 
of flint and feldspar. This comes in terra cotta bodies 
which now have to be glazed. Expense prohibits flint 
and feldspar, so what is to be done to adjust these bodies? 

Fortunately, the low coefficient of the average kaolin 
does not have to be used as nature has provided shales 
and fire clays which not only hold glazes far better but give 
better, bodies, li Purdy, instead of testing his given 
clay mix had taken Mayfield ball clay alone, he probably 
would have had shivering instead of crazing which he tells 
us comes from high clay. With Florida china, the result 
would have been bad crazing. Then again, stoneware potters 
will tell you that Albany slip glaze will not craze on any 
clay. 
| He uses Canadian potash feldspar. Had he also tested 
soda feldspar, he would have found that the mixes which 
craze with the potash would have shivered with a soda 
feldspar. 

He doesn’t. give us.any data on the fineness ot» tus 
flint yet that which would just pass 120 might give a 
crazing body, while the same mix could be made to shiver 
if the flint easily passed 200. 

His trials are 10 cm. discs which are no criterion of 
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what effect these same variations in body would have 
on large pieces. 

Most clay wares are made wet but the tile maker 
uses damp dust. The tile made from stiff mud may give 
a.fine fit while the same mix as dust-pressed tilé would 
possibly craze. Then, too, the degree of fire is all important. 
Purdy doesn’t seem to think so, but it is painfully true 
in glazes as well as in bodies. As I stated some years ago, 
- an underfired glaze is the worst sort to craze. 

One could go on citing factors in this complex problem 
but these few should show that Purdy must be careful 
to apply to himself the criticism he makes of Seger and not 
draw. broad conclusions. He makes the same criticism of 
my conclusions of some eight years ago, and he is, in the 
main, right, and I realize that we can hardly be careful 
enough in stating that results given apply only to certain 
clearly stated conditions. 

However, I do believe all should be allowed to 
theorize, in fact, encouraged to do so. Seger gave us the 
coefficient of expansion theory to explain crazing and 
shivering. This seems to me the most probable one so 
far advanced. 

‘The question might be asked, How can terra cotta 
be fitted with a glaze if made from clay only, while else- 
‘where we speak of clay as the great source of crazing? 
Again, it is too broad a statement. Kaolin, pure, with 
no free flint, is a great cause of crazing, because of its low 
coefficient, but the shales and fire clays carry more or 
less free flint and, almost equally important, fluxing im- 
purities. It is these fluxes which cause the clay, at com- 
paratively low heat, to fuse to a hard firm body. It is 
this fusing of the body that develops the higher coefficient, 
and naturally the more free silica present, the higher it 
‘will be; provided the silica is finely divided. 

Ake fae iix Olan Sonurawe fre: clay, ands507jiof the 
same clay, fired: and ground. coarse for saggars, and 
glaze it: you will probably have bad crazing. Take 
the: same clay; the same mix, but ground finer and glaze 
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with the same glaze, there will be much less, if any crazing. 
Coarse and fine flint will make this same difference. This, 
I claim, is due to the physical character of the body. The 
open porous saggar has low coefficient of expansion, owing 
to the expansion being largely absorbed in the pores, while 
fine mix is closer, having less pore space, hence, as a whole, 
greater expansion. The coarse saggar can stand sudden 
temperature changes, when other mixes would dunt; so 
the terra cotta maker seeks:a clay which contains’ fine 
flint and fluxes sufficient to give a hard body at as low 
a heat as possible. The clay must, of course, at the same 
time satisfy all other necessary conditions. 

Does this not throw some light on the feldspar and 
white ware problem? As I gather from Purdy’s paper, 
he claims to show that feldspar is not as bad as it is painted 
by potters generally. Insofar as the feldspar serves 
to aid in fusion, that is, forming of a closer knit body, 
I believe it does aid in developing what I call latent co- 
efficient. In fact, this is what increased fire does, and feld- 
spar, undoubtedly, assists this action. I have tested 
this by adding a small amount of glaze fritt to a crazing 
body, rendering it much harder and thereby free from crazing. 
The same is true of the use of soda feldspar. Its greater 
fusion gives closer bodies and reduces crazing. As Purdy 
says, however, the increase of feldspar must come at the 
expense of clay and not of the flint. With this in mind, 
I have lately tested a raw lead glaze of fairly high coefficient 
on a piece cast from a mix of 30 clay, 30 feldspar and 
40 flint, which was fired in the biscuit to almost com- 
plete vitrification. I confess that it was to my surprise, 
to find apparently a perfect glaze fit. 

Great need of all glaze ware is a large margin of safety, 
that is, range in which the glaze will fit. The surprise 
to me in these charts is the great field claimed for glaze 
fit. My practical experience has never shown this. In 
other words, the range between shiver and craze is not 
nearly as great as shown. 

It is an impossibility to fire a big kiln with absolute 
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uniformity, and frequently the range of heat alone is 
sufficient to upset glaze fit. 

The least variation between shipments of raw material 
may throw out your glaze fit. Our margin of safety is 
too narrow. We want to be helped not only to the best 
fit but also to the most elastic one. This paper of Purdy’s 
certainly throws very interesting and valuable light on 
the field he has investigated and following his suggestions 
may carry us nearer the desired end. 


NOTE PREPARED AFTER HAVING READ THE FOREGOING 
DISCUSSION BY MR. BURT. 


Mr. Purdy: 1am in accord with most that Mr. Burt 
has to say in criticism of the manner in which we prepared 
Ou DISCHit, trial, pieces; with one,exception,( and that <is 
inesthe implication, that we were. not..aware, of, the fact 
that the manner of formation of the ware had something 
to do with the control of glaze fit. I ask that it be remem- 
bered (1) that we described in detail the manner in which 
the trial pieces were made, (2) that in an investigation 
of this extent we necessarily have to limit the number of 
variables, and (3) that no matter how unlike factory 
practices our methods may have been, we obtained results 
that checked those of Hecht, and those obtained in our 
class work during the last few years, and (4) that they 
agree remarkably close with those I obtained on dust- 
pressed biscuit trials.'. I make no justification of the method 
we used except that of expediency. 

Messrs. Walker and Mayer’ reported a case of a glaze 
behaving differently on a dry-pressed tile and on ware 
made in the plastic. I wish to draw attention, however, 
to tnestact) thatathe trouble here, was not in; glaze fit, but 
in production of equally good glazes on each of the two 
bodies. I have some dry-pressed biscuit tile which I warrant 
99 out of 100 glaze makers could not cover with a glaze 
even on the second or third trial. Why this.is, I do not 
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know, but I do know that I did not succeed in glazing it 
in the first three attempts. On this biscuit, most glazes. 
disappeared entirely, the tiles coming from the glost burn 
having every appearance of never having been in contact 
with the glaze. 

I have never had experience with a glaze and body 
combination that would shiver when pressed, and craze 
when cast, although I have made a variety-of bodies and 
glazes, using them indiscriminately in the one way or 
the other, and this, too, without any thought of there being 
a difference in glaze fit under these two conditions. This 
statement: by Burt is.a. surprise corime- 

We know full well that some glazes permit of a wider 
latitude in conditions when being fixed onto a body than 
others, and” itis réasonable “to expect, as. Hecht oune, 
that the glaze fit area will be much narrower, that is, the 
craze and shiver areas will be much closer with some glazes 
than with others. J. have ‘spoken of this belore? ihe 
problem of determining in what way variation in composi- 
tion of the glaze affect these differencesin glaze fit was 
considered by Fox and myself? but it deserves a much 
more thorough investigation, for in our laboratory work 
we have found glazes that would craze on any and all 
bodies on which they were tried, and within the full range 
in variation of glost heat treatment which the glaze would 
permit. This sort of behavior of some glazes is puzzling 
to me. None of the theories of crazing seem to give satis- 
factory explanation. I can well imagine, therefore, that 
a potter who attempted to work with a ‘‘short range”’ 
glaze may experience shivering on pressed ware, and craz- 
ing on cast ware, even when using the same body and glaze 
in both instances. It seems to me, however, that in pottery 
experience this; would “bey an’'exception® rather’ than” the 
rule. 

Cause of Crazing.—Mr. Burt reaffirms his belief in 
the theory of crazing “as “set forth “by Dr.-seger, 2 wilh 
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attempt to show that the statement by Dr. Seger, as well 
as that of Burt’s, really confuses two wholly different 
physical factors, the one being that of strains produced 
between the glaze and body in cooling, and that of differ- 
ence in coefficient of expansion and contraction. 


pever, oder the seneral topic head ‘of “Chemical 
and Physical Relations between the Composition of a Body 
and Glaze,”” speaks first of the coefficient of expansion, 
not only of bodies and glazes but of other materials as well. 
In this same paragraph, he speaks of the strains produced 
when the ware is cooling. In the next paragraph, he again 
refers to both of these physical factors (strains set up in 
cooling and difference in coefficient of expansion of the 
cooled body and rigid glaze) devoting to each, one sentence. 
This paragraph reads as though these two possible causes 
of crazing are not necessarily interdependent. 

In’ the first “sentence of the last paragraph; on ‘page 
573, and throughout that paragraph, it becomes very plain 
that he is considering only one of these physical factors, 
that of stress set up between the glaze and body in cooling, 
and is merely incorrectly applying to this difference in 
contraction, this same expression which, for decades, has 
been applied to differences in rate of Hist change at 
ordinary atmospheric temperatures. 

That Seger is really holding these strairis which are 
set up when the glaze is becoming rigid, as the sole cause for 
lack of glaze fit, rather than any difference of coefficient 
of expansion and contraction there may be between the 
two after having cooled, is made plain by the paragraph 
on page 574, which reads: 

“Yhrough’ this’ difference’ in~ the contraction while 
cooling, but always only after the complete hardening 
of the glaze, a set of phenomena are produced whose most 
intimate study is very important for the technology of 
the clay industry, and it seems appropriate to give the 
results of a series of exact scientific researches, carried 


1 The collected writings of Herman A. Seger, A. C. S. Translation, Vol. II, p. 572. 
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out on this line, without, at this time, giving the details 
of such an investigation.”’ 

A careful study of the last paragraph, on page 574, 
and the first three paragraphs on page 575, makes plain 
to me that he sadly confused these two physical phenomena 
by merely incorrectly using the expression, “coefficient 
of expansion and contraction.” I feel sure that the idea 
he wished to convey in the last paragraph on page 574 
and in the succeeding one is that to measure the volume 
changes, which a glaze would show when cooling, would 
be futile for this would fail to take into consideration the 
conditions under which the glaze on the ware is cooled, 
the change in composition, due to the solvent action of 
the glaze on the body, the sinking of the glaze into the 
pores of the body, etc, etc: 

I am going to ask Professor Bleininger to read, in the 
original, this part of Seger’s article on ‘‘ Defects of Glazes,”’’ 
to. ‘se@«il it) agrees “with our -English, translation... lt as, 
indeed, difficult for me to believe that Dr. Seger would be 
so careless in the use of the expression of ‘‘coefficient of 
expansion and contraction’’ or of so badly confusing these 
two distinct physical phenomena, as is apparent, not only 
from the subject matter of the text, but also from the 
fact that the two are frequently mentioned together in 
the same paragraph. 

li, “when speaking~: of ;coethcient, of, expansion, -etcs, 
Seger referred to strains due to the difference in volume 
changes in glaze and body on cooling after the glaze had 
become rigid, then our statement, to the effect that the 
difference in actual coefficient of expansion and contraction 
of the body and glaze has very little part in causing crazing, 
is not at all out of harmony with what Seger has said. 
If my present interpretation of Seger’s statement is true 
then there would be no great difference in fact between 
Staley’ and Seger. | 

If this interpretation of Seger’s views is not correct, 
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then I claim we were justified in the charge that Seger 
was inconsistent unless he would grant that when a glaze 
had the higher coefficient of expansion and contraction, 
it would be just as apt to shiver when heated, as it is to craze 
when cooled. 

Mr Burt’s reply to this claim is plainly unsound, 
for it does not require a careful study of his words or of 
his rhetoric to determine whether or not he is confusing 
the volume changes which a glaze experiences when cooling 
with the volume changes which it would experience when 
subjected to ordinary temperature changes. 

It would be too long a story to recite the known in- 
stances of very decided changes of volume in minerals at 
definite temperatures due to change in crystalline form, 
and it would be altogether too absurd to attempt to prove 
that in our glazes there are compounds formed which suffer 
these volume changes. I will mention the fact, however, 
that several investigators have proven beyond question 
that wollastonite is present as such in window glass’ and 
geo-physicists have determined’ that this mineral suffers 
an inversion at about 1180 degrees centigrade, but that 
the temperature at which this inversion takes place is 
conditioned by the composition of the magma from which 
it would crystallize and, further, that when this inversion 
does take place, it suffers a change in volume. We have 
heard much of the slow inversion of quartz to tridimite 
at 800 degrees centigrade, in which it suffers a volume 
Change on about 12 %per ‘cent. 

If there is factin the theory of crazing which Staley 
gives, and which I believe that Seger and Burt really have 
in mind, one might ask us to justify the claim that flint added 
to a glaze tends to overcome crazing. I would answer, in 
the first place, that addition of flint to a glaze will not always 
cure crazing, and, infact, the mixtures have been many in my 
own experience in which crazing could be cured only by de- 

1 W. Jackson and E. W. Rich, Jour. Soc. Chem. Ind., 1901; K. Zulkowski, Chem. 


Ind., 22 (13), 280; Jour. Soc. Chem. Ind. (1891), p. 464. 
2 Allen and White, Am. Jour. Sci., Vol. XXI, 122 p. 100, 4th series. 
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creasing the silicacontent. Onthis subject Iam now prepar- 
ing a paper for presentation at our next meeting. I would 
answer the question further by citing an instance in which 
addition of SiO, to a mix tends to counteract the volume 
changes which, in glazes, may cause these strains, resulting, 
finally, in crazing or shivering. Inthe cement manufacture 
they have a phenomena known as ‘‘dusting,’’ that is, the 
fused clinker, without application of external force, will 
crumble to powder. It has been demonstrated that this 
is dueitosthe inversion of iCa;,5iO; arom, the -alphatonthe 
rho crystalline form involving a considerable volume change. 
Thesaddition of silica«to-such a mixturegwilleheck this 
tendency. -to dusts ii-silica he: added}10,Gajo10 7 in, amoune 
sufficient to: make Casi0,, in place.of the orthosilicate, of 
calcium with its large inversion volume change, we would 
have wollastonite which has a much less volume change. 
Silica may have somewhat the same effect in glazes. 

I have indulged in the foregoing recitation of facts 
to show that in advancing a theory for crazing, its cause 
and cure, there is no need of the fallacious argument that 
in glazes the S10, is in the amorphous state and, there- 
fore, «it: reduces» the «coe fiicientinexpansion:- ot thes glaze: 
Such an argument is entirely out of harmony with what has 
been learned in geo-physics. 

I cannot conceive how, with .a “‘long range’’ glaze 
such as we used, and with a given percentage body mixture 
of clay, feldspar and flint, we could go from crazing to 
shivering by merely changing the clay of the body. In our 
work we have experimented with nearly all of the English 
and American clays which are used by the American potter, 
and have yet tovseée, a case of- this sort, )1In the-vernacular 
of the street, ‘““You will have to show me.’’ 

As‘to the -effeet:of | degreev oltre )wouldasayethater 
referred: altogether .to, the “biscuit. tire. -MieeMima Bupeeaad 
been here when we put two wheelbarrow loads of tile 
direct from the glost kiln to the dump because the glost 
heat was too low, he would know how careful we were 
that our trials should all receive cone 3. 
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I am content, even after reading all these discussions, 
to let -iny ‘conclusions stand as first presented. I ask 
that the work of) Dr. Hecht, asi presented by Ashley, in 
this volume, -be carefully studied, for in that work will 
be found refutation to most all the adverse remarks con- 
cerning -the great field in which the. glaze fits:”’ 

May ebuyt eer E Purdy is right in saying: that:I“ain 
confusing the volume changes which a glaze experiences 
when cooling with the volume changes which it would 
experience when subjected to ordinary temperature changes, 
“provided he realized what I definitely state,’’ viz., these 
volume changes are after the glaze has ceased to be plastic, 
that is, has become rigid. If he knows of cases in which 
“‘very decided changes of volume, due to change in crys- 
tatline: form,.) have ‘occurred’ after: the ‘glaze: has cooled 
to rigidity, I would be glad to hear of them. He cites the 
inversion of quartz with its volume change; this, and like 
phenomena may occur and may be important factors 
in the question of glaze fit but do not bear on the point 
under ‘contention. As I see it, the question is, given a 
glaze cooled to fixity, does it contract on further cooling? 
If so, can this contraction be measured by a coefficient 
Oi, expansion and contraction? °“I:‘fail to see why ‘not, 
nor what difference it makes whether we consider it as 
contracting from 800 to 100 or from 100 to o. Does ex- 
pansion and contraction of glaze and body only occur 
at ordinary temperatures? 

It hardly seems probable that Seger would have con- 
fused the “‘strains which are set up when the glaze is becom- 
ing rigid with the strains from cooling after glaze had 
become rigid.’’ 

Seger was no great believer in matt glaze, but any one 
working with different matts, showing greater or less 
crystallization, soon finds such varying results from those 
obtained with clear glazes in respect to glaze fit that he 
is soon convinced that a new factor has been introduced. L 
theorize about these crystalline matts that while a clear 
amorphous glaze goes into a rigid state probably free from 
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strain, these matts, owing to crystallization continuing 
to point of rigidity, are probably under a strain when they 
reach the rigid state. Once rigid, however, does not both 
the glaze (clear or matt) and body begin to contract? The 
papers cite a case of expansion at extraordinary heat. 
Cleveland has just had the hottest weather in 40 years. 
It is a great place for vitrified ‘paving brick... During this 
hot weather, two cases were given where the expansion 
was so great that the street was buckled up until finally 
the brick were forced up into the air. 

Let us consider volume changes from other causes, 
certainly, but let us not throw overboard those caused 
by heat until Mr. Purdy has given more proof. 

Mr. Weelans: Concerning Mr. Purdy’s experience that 
the addition of flint to a glaze will not always cure crazing, 
I would like to ask: ‘‘Do we not pay too little attention 
to the part the temperature, at which these glazes are fired, 
plays in these varying results?’ . Ii a glaze fired. at: cone) 7 
has ten or more per cents. of silicate than would be war- 
ranted at the temperature used, would it not be natural 
that if the glaze should craze an increase of flint would 
be thesremedy; On) thercontrary sil tuecelaze nad aiomen 
more per cent. flint more than such a temperature would 
warrant, and the same fault of crazing resulted, would not 
a reduction of the flint be the remedy? 

We have had glazes craze: 

(1) From too much flint, and 

(2) Too little flint for the temperature used, but at a 
suitable temperature for each, both glazes would stand. 

I would further add, in connection with shivering, 
that it is hardly possible to determine at just what point 
most bodies will shiver unless we make up large, heavy - 
pieces and make them up in various forms. We have had 
bodies entirely free from this fault in one of certain forms, 
but when made in other forms, these bodies, fired in 
the same kiln, would be wholly bad from this fault. We 
have, therefore, stamped these bodies as ‘‘shivering bodies,”’ 
yet were we making these certain styles or forms of ware 
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as above in which this fault did not appear, we might 
never have had cause to abandon them. 


NOTE PREPARED AFTER HAVING READ THE DISCUSSION 
OBTAINED AT THE MEETING. 


Mr. Purdy: The foregoing discussion concerning 
the value of rational analysis consists most largely of mere 
expression of opinions, very little of material evidence 
being presented. Since Professor Binns is the chief ex- 
ponent of the calculated rational analysis, we may look to 
his formal paper’ on this subject for this evidence. 

I intend to challenge most of his premises and prove 
that his conclusions are not substantiated by the data he. 
presents. : 

At the outset, I want to make plain that I agree with 
Professor Binns as to lack of accuracy in the old rational 
analysis. I would go still further and maintain that the 
results obtained in this analysis have no more value than 
would similar data empirically assumed. For proof of this, 
I veter to the use, Dr. sever made of the rattonal analysis 
otf the Japanese porcelain. After having the data from 
this analysis, he proceeded in the old cut and try manner 
until he obtained the desired results, but the mixture 
which gave these results were far different from that which, 
by rational analysis, he supposed the Japanese porcelain 
to be. I could refer to my own laboratory notes for illus- 
trations: of this Same ‘sort from attempts to duplicate 
certain floor tile bodies. The data from rational analysis 
has not as much value as has empirical data taken from 
experrence. 

Admitting the inaccuracy of the rational analysis 
and implying its want of value, Professor Binns urges 
the adoption of a calculated rational analysis based on 
the assumption that the alkalies in a clay may be taken 
as an index to its feldspar content. When formulating 
premises on which to base his arguments, his first inquiry 





1 Trans. Amer. Cer. Soc., Vol. VIII, p. 198. 
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was: “Is kaolinite or clay substance, having the formula 
Al,O,.2510,.2H,O, always the same, except for such varia- 
tions as may arise from relatively coarse or fine grain, 
and how far does the difference in grain affect the behavior 
oLethe ‘clay? 

Kaolinite 1s always the same except for such varia- 
tions as may arise from size of grain, but kaolinite and clay 
substance are two distinct things, the difference being 
of the same sort as between silica sand and sand. I hold 
with Ashley and others that the clay substance, the sub- 
stance which gives clay its characteristic properties, is 
properly defined by the nomenclature used in the mechan- 
ical analysis, 2. e., clay substance is the finest portions of 
the clay whatever’ its mineral nature may be. To be 
specific in this argument, however, I challenge Professor 
Binns to prove that 75 per cent. of a china clay is kaolinite. 
Take for example, Georgia kaolin, the composition of 
which is nearly the same as that of kaolinite. I doubt 
very much if he can show that this kaolin is largely kaolin- 
ite? 

He admits inability to identify the minerals in ball 
clays. 

Concerning his second premises (page 203), would say 
that I am indeed surprised to hear Professor Binns claim 
that the alkalies will have the same influence, whether 
they be present as soluble salts, or as constituent part 
of minerals. The only reasonable objection that can be 
made to the molecular formula of glazes is that they do 
not indicate the source of the oxides. There is such a 
unanimity on this point I need not dwell on it further 
than to cite a case. 

One of our students had arrived at the conclusion that 
in fritted glazes there was no need of considering the source 
of the various oxides shown in the molecular formula. 
He made up a series of frits, all alike in molecular compo- 
sition, but each differing in the raw materials used. These 
frits were mixed in the same proportion with the same 
raw materials. Hach frit and each glaze were given the 
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same treatment throughout, but the resultant effect of 
each frit was very noticeably different. The alkalies 
introduced into glazes as a constituent part of a frit have 
very different influence according to the difference in their 
source. This being so, how much more difference in effect 
could be expected from difference in the state or kind of 
combination of the alkalies in a clay? 

Professor Binns will have to demonstrate synthetically 
or otherwise that alkalies have like effect no matter how 
present in clays before he can claim that this, his funda- 
mental premises, is correct. If he succeeds in doing this, 
he will have findings that will be out of harmony with those 
of Iddings and his fellow geo-chemists. 


I ask Professor Binns to show that his argument 
or premises are in harmony with Weber’s' results which 
show the lack of relation between alkali content and re- 
fractoriness of clays, and with failure of Hoffman and 
Desmond? in their attempts to devise an indirect method 
of determining refractoriness of fire clays. I would further 
ask Professor Binns to show why fire clays that have like 
chemical composition have unlike rates of vitrification. 
If there is much of fact in his premises or of value in his 
method, he would not find difficulty in explaining these. 
They cannot be explained on difference in fineness of grain. 
This I have very adequately shown.’ 

Professor Binns has not as yet made answer to the 
criticism of his assumed premises made by Dr. Ries* three 
years ago. This should be done. 

Are Professor Binns’ conclusions substantiated by 
the data offered? 

The data he offers were obtained with the following 
clays and mixtures. He made five bodies, using in each 





1 Trans. Amer. Cer Soc., Vol. VI, p. 222. 

2 Trans. Amer. Inst. Min, Engr., Vol. XXIV, p. 32. 
3 Geol. Survey of Ill., Bulletin 9. 

4 Trans. Amer. Cer. Soc., Vol. IX, p. 772. 
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a different clay, all being so compounded that, according 
to his analysis, each was supposed to contain: 


Clay ‘substance: Staci senate Aapaiinanig tes 65 
Meldspat's 4, yo: vacugt ee nct ge Ree haa ae eae 20 
Quartz. 22° > PEERS ee eee 2 vee ne ee 15 


The mixture of materials were as follows: 








Clays used English Edgar’s | Tennessee | Delaware Georgia 




















ball Florida ball| ball No 1 kaolin clay 
Rercentiiclay os. See | 63.55 77074 69 .OI 63.34 
“ feldspar.. A OF | Py) 16.60 19.84 26.20 
s Tita oe AeO7 | 10.91 S70 LOSt2 IO. 12 
‘His first observation is: ‘‘It will be seen that in this 


series of bodies there is only one variable, the clay sub- 
stance, and that this is a variable only in the physical 
form. Thus all the changes observed in shrinkage and in 
coefficient are due to this factor alone. It must be admitted, 
however, that the variation in physical form goes a little 
farther than clay substance itself, for, while the flint and 
feldspar in the respective mixtures were finely ground, 
it is probable that the quartz and feldspar in the clays 
were finer still.”’ 

How he came to the conclusion that in this series, 
clay substance is the only variable, is beyond my com- 
prehension, unless he had in mind that what he cal- 
culates as feldspar and flint is not feldspar and flint. He 
does not make. this: plain). inafact,she Sa yosee While rie 
flint and feldspar in the respective mixtures were finely 
ground, it is probable that the quartz and feldspar in the 
clays. were still finer.” And later: \ Is all-cof the aikai 
in clays due to the presence of undecomposed minerals. .. .? 
The presence of alkali in the soluble portion of a clay 
does not alter the fact that it came originally from these 
(INET AlGaa beet . . In other words, there is no reason 
for supposing that the alkali in soluble clay came from 
mica alone and that in the insoluble part, from feldspar, 
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WOrn wevetyiisthis: were, thevicase, is ‘thereiany. reason /for 
attributing to each portion a different function?” 

It would first appear that he considered that alkali 
was there as a constituent part of feldspar, and then, later, 
that even though it may be present as a salt, it would 
make no difference for it is a product of the decomposition 
of feldspar. His reasoning here is fallacious. 

His data shows that the bodies varied in constitution 
in more ways than merely in clay substance. He gives 
no evidence of this mineral constitution of the clays; hence, 
is presuming altogether too much in expecting his readers 
to take his word that the essential difference in the clay 
was in content of kaolinite. I maintain that he does not 
know and I ask him to state how he can know the mineral 
constitution of his clays. Ries touched upon this, and it 
certainly is in line with reason that since residual clays 
will contain whatever may result from the decomposition 
of the parent rock and that inasmuch as the parent rocks 
vary in mineral constitution, no two being alike, it is to 
be expected that the residual débris which we call kaolin may 
be largely composed of minerals other than kaolinite. Cook’ 
as early as 1878 recognized this as did Johnson and Blake.’ 


Professor Binns speaks of the similarity of the co- 
efficient of all the bodies as being worthy of note and takes 
this as seeming to show that clay substance, whether 
derived from kaolin or, ball clay, acts in much the same 
manner. 

By plotting these body formulae on the triaxial dia- 
gram, either those by weight, or the one he claims repre- 
sents their mineral make-up, it at once becomes evident 
why the glazes crazed on all of them. They all fall well 
within the craze area. He has no argument for the value 
of the calculated rational analysis in this. 

Nor is he justified in the conclusion that ‘“‘the relative 
freedom of ball clays from crazing is probably due more 


1 Report on the Clay Deposits in New Jersey, 1878. 
2 Amer. Jour. Sci., 1867, p. 351. 
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to their high content of quartz than to any radical differ- 
ence in the clay substance,’ for he has neither shown that 
these clays differ in their quartz content nor that their 
influence in production of crazing is not due to a differ- 
ence other than quartz content. 


Professor Binns examined the clays with a high-power 
microscope and found that the kaolins are largely crys- 
talline in character: ‘‘the kaolinite plates are distinctly 
visible and, in fact, form the bulk of the mass.”’ 


I’ can not “credit the last “claise* of ythis* quetation. 
I have elutriated kaolins, measuring the size of grains 
with the aid of a microscope and I have yet to find one kaolin 
in which kaolinitic grains form the bulk of the mass. 


I have seen these flat plate-like grains in kaolins, 
but have never succeeded in proving that they were kaolin- 
ite grains rather than grains of mica. Merrill’ does not check 
Professor Binns in his description of the Delaware kaolin, 
and Veatch? describes a microscopic examination of the 
Georgia kaolins as follows: ‘‘The clays were examined 
under the microscope, both in thin sections and as a powder 
unmounted. The clay substance appears, in the soft clays, 
in milky and translucent aggregates. No kaolinite crystals 
were detected. Quartz is present, usually as small angular 
and subangular particles, often coated. with iron oxide. 
Angular, glassy, dark colored grains are frequently present 
and are probably smoky quartz.”’ 


In the first paragtaph on page! 202). Professors Binns 
states that the clay substance of clays are ‘“‘identical in 
composition "wherever 1 may be dtoumd yee sunt nee: 
“ot varies widely in constrtution.’’ I hold that this is not 
consistent with the implied synonymous use of the term 
clay substance and kaolinite (p. 200) and of the state- 
ment : ‘‘It will be seen that in this series of bodies there is 
only one variable, the clay substance, and that this 1s varia- 


1 See p. 297, ‘‘Rocks, Rock Weathering and Soils,’ for very instructive micrograms 
showing how unlike kaolinite grams are those found in kaolins. 
2 Geol. Surv. of Ga., p. 235, Bull. 18. 
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ble only in physical form’’ (p. 202). Professor Binns ‘is not 
consistent with himself. 

His Method from a Practical Viewpoint: Even if 
Professor Binns was correct in all of his premises, obser- 
vations and conclusions, I would still maintain that this 
analysis is useless and a dependence upon it full of risk to 
the potter. In making this claim, I am fully aware that I 
am throwing discredit on one of the profitable commercial 
opportunities of the consulting ceramic chemists of which 
Pam’ one: 

(1) Tf the formula which ‘the potter aims to. use for 
his body be plotted on the triaxial diagram, together with 
the weighings (in per cents.) which, according to either 
of these so-called rational methods of analysis, one is sup- 
posed to use the clays, feldspars and flint, it will be found 
ptuat. the desired ‘formula iseither nearer to“ or: projected 
farther out into the area of the body compositions where, 
according to Hecht, the glaze will stand. In other words, 
by using these rational composition data, the potter would 
figure his composition to be safely within the ‘‘glaze fit 
area’’ and then weigh up his materials in proportions rep- 
resented by points in the ‘“‘craze area.’’ . I maintain that 
this is running a useless risk on the ultimate analysis being 
correctly made and especially so in view of the untenable 
assumptions on which the hypothetical constitution of 
the clay is based. I maintain that it is more logical to 
weigh safe and let the varying constitution of the clays 
project the real position of the body still further over into 
the glaze fit area. 

(2) Then again there is a markedly close agreement 
in location of the boundary lines between crazing and 
glaze fit by Hecht and ourselves, although each were using 
different body materials. Hecht clearly shows the way 
these boundary lines would be shifted by using different 
proportions of ball and china clay. Would any one care 
to claim that these differences in location of the boundary 
lines are due wholly to differences in mineral makeup of the 
clays? If so, I challenge them to bring forward their 
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proofs. I maintain that these differences in position of the 
boundary lines between glaze fit and craze areas are due 
more largely to physical differences in the clays than to 
chemical differences. 

(3) Even though a chemical analysis was made showing 
that a clay was changing in its ultimate chemical compo- 
sition, is there a potter who would know how that change 
was going to effect his body? I maintain that the mixture 
of an average sample from each new carload of clay with a 
given mixture of standard feldspar and flint, or of each 
new car load of feldspar with a standard mixture of clay 
and flint, etc., is the only rational and scientific way the 
potter has« to test=his)materials..9 Mtais;rationalabecaiiec 
it. 4s: ‘to: the: point. and’ is?sate) |. tus ‘scientiniceiorcitaamys 
to do only the one thing that can be done rather than 
attempting such an impossibility as determining the min- 
eral constitution of the materials. . 

Every potter should set aside at least one barrel each 
of china clay, ball clay, feldspar and flint, to mix with a 
sample of each new shipment of clay or feldspar according 
to an arbitrarily adopted formula. In this way he could 
readily detect all variations in the materials which would 
cause variations in his wares. This scheme would be far 
safer and much more rational than any chemical test ever 
devised. 

I make claim, in closing, that the assumptions on which 
both of the so-called rational analyses are based, are not 
in: agreement with: facts and further, thatthe results 
obtained do not justify the claims which have been made 
as reasons for adoption of these analyses by the clay worker. 

Mr. Burt: Not to enter into a detail discussion, 
but merely considering the value of the rational analysis, 
in general, my opinion is that it is, at times, a valuable 
guide but is not to be depended upon as final in body 
composition. Suppose we have been using Florida or 
Georgia kaolin and now wish to use Missouri. Rational 
analysis may show that the Florida or Georgia carried 
less than 10 per cent. free silica while the Missouri has 
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40 per cent. This I call valuable data that would help 
greatly in compounding a new mix. However, I agree 
entirely with Purdy that to determine the mineral constitu- 
ents by rational analysis is impossible and while I am not 
quite prepared to say, as he does, that in glaze fit, physical 
differences are more important than chemical ones, I do 
believe they are equally important. One cannot work 
for any length of time with a range of bodies from the 
high flint white ware to pure clay terra cotta ones with no 
added flint without realizing that the mere chemical formula 
will not account for the glaze “fit” results obtained. I 
consider it foolish to even attempt to lay down any 
fixed (ules: “bittyeenerally, speaking, Imy sexperience thas 
shown that an open soft porous body is more liable to craze 
than a hard, partly fused, ringing body, whether it be 
white ware, tile, or terra cotta. I have elsewhere, offered 
a theory that much of the expansion of an open body 
is absorbed in its pore spaces and is not felt in the piece as 
a whole, hence, the less porous a body the greater as a whole 
will be its coefficient of expansion. Therefore, the physical 
property resulting from fusion becomes of prime impor- 
tance. : 
We know that a frit fuses more readily, 7. e., at lower 
heat than its component parts mixed together but not 
previously fired. We also know that a mixture of the 
elements of kaolin will not give kaolin. Purdy cites 
Seger’s work in analyzing Japanese porcelain, showing 
it could not be made from analysis. All of these lead me 
to agree with Purdy that rational analysis will not tell 
anything positively about the fusibility of the clay an- 
alyzed. .Huither,-it. tails to) give any data in regard: to 
fineness of grain which is also a very important factor 
in fusibility. So while I feel that the information given 
by rational analysis is valuable, a potter would not be 
watranted in assuming that a different clay giving same 
analysis would be the same. 

As to the many vital characteristics of a clay, such as 
plasticity, softening with the water, shrinkage, color, and dry- 
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ing properties, it, of course, tells us nothing. What informa- 
tion rational analysis does give is in no sense indispensable 
and does seem a lot of work for little return. 


As I said, I do not agree with Purdy’s statement 
that glaze fit depends more on physical than chemical 
difference. He would lead us to believe that, given a 
uniform physical condition, general uniformity would 
result. Assuredly, with coefficient of expansion, a physical 
phenomena as it is, then with same coefficient for glaze 
and body there would be a physical uniformity in this 
respect, but I do not believe that vitrification per se is 
more vital in determining this coefficient than is the ques- 
tion of whether you were vitrifying kaolin or pure silica. 
In other words, vitrification is important, but it is just as 
important to know what you are vitrifying. 


On his assumption, we would say that any clay would 
fit a given glaze if fired to suitable physical condition. 
It is true each additional degree of heat changes the physical 
character of body or glaze so that undoubtedly a wide 
range is covered by any one mix, but no one mix has a 
wide enough range to cover all conditions. We have to 
widen and enlarge the field covered, varying our chemical 
composition just as we vary our heat treatment. It is 
possible that in bodies, the physical treatment is more 
important but in glazes I claim it is the chemical. 


Now, Purdy charges the rational analysis with failing 
to determine the difference in mineral make-up of the 
clays. In this I agree with him, but he goes on to say 
he challenges any one to show that difference in mineral 
make-up makes any ‘difference ins Glazer fit. ine thice 
do not agree with him. I fail to grasp Purdy’s argument 
here. He seems to say that not the: mineral make-up 
of ‘the ‘clay but its physical differences affect glaze fit. 
By this, does he mean there is no physical difference be- 
tween different minerals? Certainly this cannot be. I 
claim that variation in mineral make-up of a clay means 
variation in physical and chemical characteristics and, 
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mostly, to our sorrow, we potters know how great this 
variation is. What physical property is there in a clay 
except its coefficient of expansion that can determine a 
glaze fit? Greater or less porosity is a factor, coarse or 
fine grain, degree of weathering, method of manufacture 
into ware, degree of vitrification; all are important factors, 
but no more important than the chemical composition. 
Take porosity alone: if we were to say that because one 
clay fired to cone 5, absorbed io per cent. of water, gave 
a perfect glaze fit, hence, any clay that gave ro per cent. 
absorb at cone 5, would fit same glaze, we would be wrong, 
one reason being that the two clays might be mineralogic- 
ally entirely different. 


It may be that Purdy does not mean clay in the broad 
sense generally accepted, but he does not qualify it. 


ion ete noepettcrtneory nas een offered to- explain 
glaze “‘fit’” (which new term I approve of and borrow 
from Purdy) than that of Seger, who claimed it was a 
question of uniform coefficient of body and glaze. I 
gather from Purdy’s recent publications that he is aiming 
to show that we have in the past placed too much faith 
in this theory. He may be right and may prove his point, 
but in reaching this end, too much care cannot be spent 
in drawing general conclusions. This glaze fit problem 
that seems so simple is really, I believe, the result of a very 
complex group of factors and I should hesitate, to-day, 
to say that anything in the whole process was not a factor. 

Mr. Purdy: What I had to say concerning the phys- 
ical vs. chemical propefties, and their effect on glaze fit, 
was meant to refer wholly to the clays used and not to body 
mixes. 

Mr. Binns: The paper to which Mr. Purdy refers 
was written five years ago, not with the object of advocating 
the use of rational analysis but to criticize and discredit 
the laboratory method of digestion in sulphuric acid. 
I. was not the first to use the calculation method. It was 
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first set forth, so far as I know, by Buckley and Peppel, 
in the report on Wisconsin clays to which I referred. 

Prof. Purdy states that ‘‘clay substance’’ and ‘“‘kaolin- 
ite’ are: not the’ same thing. «That is. his*opinion?! ~ I ‘as: 
sumed ‘that’ they are= the same, 4r do? net -dacree  thap 
the term “clay substance’ should be referred to mere 
fineness of grain apart from composition. In the present 
state of our nomenclature it is not scientific to take a term 
used in one way by one group of men and assume that all 
others must use ut in’ the same way For example pr 
Mellor, in his article on nomenclature of clays, ‘‘Transac- 
tion of English Ceramic Sociéty;” Vol. VII, proposes *to 
use the term ‘‘clay substance’’ for everything that can 
be dissolved in strong sulphuric acid, thus including the 
carbonates and many minerals regardless of size of grain. 

Prof: «Purdy cites the case of Georgia clay whieh so 
far as the accepted definition goes is not a kaolin at all 
but a transported clay. I will go further than his challenge 
and state that as the term ‘“‘kaolinite’’ has been used by 
me, both Georgia clay and Florida clay are 98 per cent. 
kaolinite, notwithstanding the fact that crystals cannot 
be found. Of course, my use of the terms may be wrong 
but at the time the paper was written the nomenclature 
had not been challenged. 

My discussion of rational analysis has nothing to do 
with the composition or behavior of fire clays or stone- 
ware clays, lt. refers, entirely. to, the useworuimorenonuies« 
pure clays in the potter’s mix. 

In his discussion of soluble alkali, Prof. Purdy en- 
tirely misses my point. I was referring, not to alkalies 
present as salts but to alkali appearing in the soluble part 
of a clay as shown by the laboratory method of rational 
analysis. My argument was that alkali had no legitimate 
place among the soluble constituents of a clay because its 
presence there merely showed that some of the feldspar 
in the clay had been decomposed and there was nothing 
to show that. alkah calculated: as’ a. soluble” ingredient 
would behave in a manner different from alkali reported 
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asinsoluble. This was, I think, first pointed out by Langen: 
beck in his “‘Chemistry of Pottery,’’ and explained (as 
I think, erroneously) by the possible presence of mica. 

-So much for the “fallacious” reasoning. It is admitted 
on all sides, by myself included, that rational analysis 
rests upon certain assumptions. The term clay substance 
is referred to hydrous aluminum silicate, the product of 
decomposition, irrespective of the minerals and rocks from 
which it may have been derived. Of course there are 
differences in this substance, due largely to variations 
in size of grain, but my experience leads me to believe 
that:*these: differences, areymot' vas great as Prof. Purdy 
states. 

The feldspar, feldspathic matter or feldspathic detritus 
is likewise complicated in composition and_ structure 
but the assertion is, originated, I believe, by Seger, that 
in a pottery mix this mass acts, to all intents and purposes, 
as feldspar does. Hence, its amount may be derived directly 
from the alkali content of a clay. | 

In regard to the composition of my trial bodies no man 
a hisisenses would prescribe; a, body. with 65, per - cent. 
clay substance and expect a glaze to stand upon it. The 
bodies were intended to show crazing. The point was, 
not that they crazed but that the crazing was practically 
identical in size of mesh whatever clay was used. I have 
these trials by me still and the mesh of the crazing has not 
changed. In regard. to the: properties.of ball clay,’ Prof. 
Purdy again misunderstands me. My point was that 
in the laboratory method of rational analysis, the propor- 
tions of the three assumed minerals, clay substance, feld- 
spar and quartz, are so misplaced as to be misleading. 

Seger ‘spoke of ball’ clay as an efficient ingredient 
to arrest crazing, but he calculated his ball clays by the 
laboratory method, which made the quartz content appear 
higher than it really was. I calculated all the clays by the 
arithmetical method and found that the bodies made up 
held the glaze in the same way whatever clay was used. 
Prof. Purdy says that I have not shown that the clays used 
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differ in their quartz content. On page 201, Vol. VIII, 
‘Transactions A. S. C.,’’ he will find the following: 








English Florida 

















Tenn, Delaware | Georgia 

ball clay clay ball No. 1 kaolin. clay 
Clay substance... . 72.28 98.48 82222 91.66 | 98.59 
Meidspar vil pe eos 16.12 1.65 9.98 y pew ps | 0.82 
OWiar tz UE ae tess 10.00 | 8.55 IOOI | 0.66 

















If this does not show that clays differ in their quartz con- 
tent then I do not know the meaning of figures. Moreover, 
my point was especially that the ball clays carried a higher 
content of quartz than did the other clays, a fact which 
is also brought out by the laboratory method of rational 
analysis and even exaggerated. 


In regard to the crystalline structure of the clays, 
certain illustrations have appeared since the work was 
done, e. g., ‘‘English Transactions,’ Vol. VII, pp. 25-26, 
which show that I was mistaken. What I saw were the 
formations spoken of by Dr. Mellor in the same article as 
‘curious aggregates of plate-like crystals,’’ to which he 
refers the term ‘‘rouleaux’’ as suggested by Prof. Boyd 
Dawkins. Dr. Mellor further says: ‘‘We are not yet agreed 
as to the nature of these rouleaux.” I believed them to 
be crystals but was apparently in error. They are certainly 
not grains of mica. 


I fully admit that there are cases in which the adoption 
of calculation by rational analysis would make no change 
in the body as, for instance, where the amount of clay 
found in a sample of feldspar would offset the amount 
of feldspar found in a sample of clay but I have used feld- 
spars with an alkali content of as low as 12 per cent. and 
as high as 15 per. cent. Is it’ to be. believed that one ‘of 
these can be exchanged for the other, pound for pound, 
without effect? Or that a clay with 1 per cent. of feld- 
spar in its composition can be exchanged for one with 10 
per cent.? This is the only point upon which I would 
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advocate the consideration of the rational composition of 
potter’s materials. This, however, was not the main point 
of my paper. | 

In the year 1906, this position had not been seriously 
attacked and was, therefore, not defended. It is scarcely 
reasonable that Prof. Purdy should take the contribution 
referred to and attack it because it does not accomplish 
that for which it was never intended. 

Thereis)-one’:more ‘point: “Prof... Purdy...quotes: Dr. 
Ries in a discussion of my paper and says it was a criticism 
of my assumed premises to which I have not replied, 
adding: ‘‘This should be done.’’ The ‘‘assumed premises”’ 
were not mine but are as old as Seger and have been used 
by many writers. In fact, the statements made by Dr. 
Ries are not subversive of my argument in the least. They 
point out and emphasize facts to which every one will 
assent. I have admitted them all along. 

Mr. Kerr: IUcannot agree entirely with either Prof. Binns 
or Prof. Purdy on the question of rational analysis. My 
experience and study of the question have led me to be- 
lieve that the rational analysis zs of value, within certain 
limitations and that it is capable of improvement, but that, 
on the other hand, its wide application without regard to 
the limitations of its use would lead to disastrous results. 
The laboratory-made rational analysis is of value when 
applied to relatively pure materials and it can be success- 
fully applied in comparing materials of the same general 
class. It cannot be applied promiscuously to materials 
differing widely in character, and in this criticism Prof. 
Binns seems to have all the argument on his side. Cer- 
tainly where there exist such wide differences in the nature 
of the materials as existed between those used in making 
Japanese porcelain and those used by Seger in duplicating 
Japanese porcelain, the rational analysis is useless. 

Concerning the ‘calculated rational analysis’ there 
seems to be no real argument to support it while there 
are many arguments against it. A study of the formation 
of clays from the great varieties of parent rock should 
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convince any one that a mineral analysis calculated from 
the ultimate composition must, in most cases, be very far 
from the truth. Equally convincing is the testimony 
offered by synthetic studies of mineral compositions in 
which the various constituents are derived from different 
mineralogical sources. 

Prof. Purdy’s suggestion, that clays should be tested by 
studying the vitrification behavior of samples made up 
with standard amounts of known feldspar and flint, is one 
that deserves adoption wherever it is notnowin use. There 
is no other method so simple and at the present time we 
are not able to prescribe a more instructive test of wide 
application. But with some modifications which will be 
found to be necessary, the rational analysis or an entirely 
new method of mineral analysis (if that be necessary) 
should be made applicable to the study of raw materials. 
It seems very desirable that every encouragement should 
be given to the study of methods of making determinations 
of the kind, amount and physical condition of the mineral 
constituents of ceramic materials. 

Do mica and feldspar have practically the same effect 
when present in a ceramic body? It has been proven 
that they do not, but since, in most of the raw materials, 
the amount of mica is relatively small, the error, due to 
classifying mica with feldspar, is usually unimportant. 
In the examination of materials that are highly micaceous 
the rational analysis is of practically no value. 

Prof. Binns’ statement that alkali has somewhat 
the same’ effect in? whatever form it. may bel presents: 
so'far as my experience goes, far irom ‘trues vin<eenerar 
the more satisfactory the material, the greater is the differ- 
ence due to® difference: inthe ‘source of alkali ineine 
clays the source of the alkali is of far more importance 
than the amount, perhaps for physical rather than chemical 
reasons. It is certainly not a safe assumption that in 
ceramic bodies the presence of a given amount of alkali 
may be taken as an indication of either the feldspar content 
or the vitrification behavior. 
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In the application of any method of rational analysis, 
however perfectly it might be developed, it will always 
be necessary to consider the physical condition of the min- 
erals present as well as their amounts. As much variation 
in the vitrification behavior of a body may be due to the 
physical condition as to the mineralogical source of any 
given constituent. A description of a ceramic material 
to be complete, therefore, should give not only the pro- 
portions of the constituent minerals but their physical 
properties as well. Both the methods and the interpreta- 
tion of mineral analysis must be greatly improved before 
any such information can be obtained by its use. 


THE BEHAVIOR OF FIRE BRICKS UNDER LOAD 
CONDITIONS.' 


By A. V. BLEININGER and G. H. Brown. 


In volume 12 of these Transactions the writers reported 
results obtained in testing full-sized fire bricks, under a 
load of 75 pounds per square inch at a temperature of 
1300° C. In these tests, the bricks were placed on end, 
the load was kept constant and the heat was raised at a 
prescribed rate and maintained at the final temperature 
for a given length of time. The specimens were considered 
to have failed when they deformed badly, collapsed or broke 
or contracted more than one inch for®the height of the 
standard fire brick. 

A second series of tests was made with a somewhat 
higher temperature, 1350° C., but witha) smaller “toad; 
50 pounds per square inch. It is the purpose of this paper 
to report upon these tests and to codrdinate them with 
last year’s work. 

From general considerations it is evident that as the 
temperature rises, the load carried must decrease within 
the range of the softening temperatures. Just where the 
lower limit of the softening is, depends, necessarily, upon 
the composition of the refractory. The more fluxing 
impurities the latter contains, the lower will be this point. 
For most refractory bodies it is not likely that this tem- 
peratureis below1r1s50°C. Gary, in testing fire brick speci- 
mens, found that at 1ooo° C. no softening phenomena 
were noted: .On- the contrary, >the crushing —strengths 
of the fire brick cubes tested by him at this temperature 
were distinctly greater than that of the same materials 
at ordinary temperatures. 


In comparing the results obtained in the two series 
of: tests, 75 pounds at-1300°.C.s and“so pounde ain. soc. 
respectively, it was found that the results were approxi- 





1 By permission of the Director of Bureau of Standards. 


BEHAVIOR OF FIRE BRICKS UNDER LOAD CONDITIONS. 2II 


mately the same, with the exception that the 1350°-50 
pound tests appeared to be somewhat more _ sensitive 
and differentiated more sharply between the various 
kinds of refractories. This is shown by the fact that while 
a certain brand of brick failed in the lower temperature 
test by excessive contraction, it failed in the higher tem- 
perature test by collapsing. Also the compression effect 
in the second test was somewhat greater than in the 
first test. In one case the compression was greater in the 
75 pounds than in the 50 pounds test. In this connection 
there must be remembered that the samples of brick were 
selected from stock and two bricks of the same brand 
do not necessarily possess the same composition. 

Both tests, however, condemned inferior materials ~ 
with practically equal certainty though the 1350° test, 
as has been said before, differentiated them more sharply. 

In order to facilitate comparison, the results of both 
series of tests are given in this article. In Table I the 
chemical analyses are summarized, in Table II the empirical 
chemical formula, and in Table III the results of the physical 
tests. 

It is observed that not all of the 1300° load tests were 
repeated but only a sufficient number to establish the 
relative severity of thetests: Such. cases were selected 
in which a difference in behavior might be expected. 

The specimens of sample No. 4 failed in both tests but 
the load of 75 pounds per square inch brought about 
more complete fracture. The result of the 1350°-50 pounds 
test on sample No. 4 is shown in Fig. 2. It is evident that 
the pressure effect is more dominant throughout the 
1300°-75 pounds series while under the second conditions 
the softening, due to heat, is more pronounced. Figs. 3 
and 4 represent two parallel tests, sample No. 12 having 
been subjected to the 1300°-75 pounds, and 12-B to the 
other test. Both conditions have brought about the same 
effect. 




















































































































Z2k2 BEHAVIOR OF FIRE BRICKS UNDER LOAD CONDITIONS. 
Table I. Fire Brick Analyses. 
Dee bee 

Aig eh o@ ol aS les) SeleGe dt Ceahee hpebee es ae 
|e ea acm ees beeches pele ener ice os 
|} 81..60|-14.55}1.15 |-0.49|-0. 37/0. 2710.67) 1.08 100.18 
2\| 79.20/17. 42|1..19:'| O.49)'0. 21) 0. 38) -0:37| 0. 61 100.17 
31 77-202) 18.35) 1.32.) 0.52/'0.48) 0. 28)°0. 67/91 49 100.13 
4|| 54-58] 37-35|4-10 | 1.57| 0.54] 0.53] 0.42] 1.02 100. II 
554.7039. 7211.32 1 1.86):0.20/:0, 521:0.64/° 8.07 100.12 
6]1 54 69) 38..80! 1.1414 °1)-92)'0.2351/0 5210 O11 .57 100.23 
71| 54-25] 38.90|1.83 | 1.92] 0.41| 0.78] 0.78] 1.26 LOO p13 
eda 41.52|1.28 | 2.46] 1.02] 0.45] 0.28] 0.94 100.25 
9|| 63.89] 29.28]/2.05 | 2.40] 0.27| 0.29] O.40| 1.71 100.29 
1O|| 60:37} 34 /83)1-37.(2.051:0%30)-0. 311 0. 20/0067 100.19 
T1616 35) -32:565| 2015 ot .0 530.16. 50001117 | OnoD LOO jn? 
12|| 55.66) 36.52|2.59 | 2.40| 0.49] 0.61] 0.18] 1.73 100.18 
131] 08% 731-25 .1212 520") 5 23910; 200.140), 02 25 falco 100.15, 
14|| 60.77| 32.63|2.89 | 1.94] 1.12| 0.26] 0.26| 0.46 100.33, 
15|| 56.55] 36.64/2.84 | 1.90] 1.34] 0.22] 0.32] 0.43 100.25, 
16} 50.76) 44.24/1-45 |.2.03) 0733/07 29]/0534| 0:60 100.04 
17|| 62.14] 32. 29\2..65|/1 4210.71) OF 50|:0 513) 0.28 100.22 
18|| 62:.74|31.8012..45 | 1.53) ©: 7510.56] 0.18) 0-18 100. 19: 
19|| 35-46] 57.98|1.40 | 2.70] 0.29] 0.29] 0.75] 1.30 100.17 
20|| 52.89] 43.41/0.90 | 2.12| 0.16] 0.13] 0.36] 0.27 100.24 
21|| 65.41] 29.50|2.75 | 1.38] 0.45] 0.25] O. 10] 0.34 100.18 
22|| 66.53] 28.66/2.35 | 1.36] 0.58] 0.42| 0.28] 0.19 100.37 
231| 66:28} 209..12| 1.55.) 1.7910 (50) GO. 2310.27) 0230 100.13 
24||.77..82| 19. OO/1JO1.1 1 .63).0.22 0, 06)'0.10)0 .28 100.14 
25|| 56.62] 39. 19/1 .95 | 1.69] 0.36] 0.08] 0.18] 0.19 100.26 
26|| 54.51! 40.42/1.90 | 2.46} 0.35] 0.17| 0.16] 0.20 LE OO ae 7. 
2765.50) 28.9051 £245 0-93) 0535] OL O002 03) fea) fae .@ 1 OL 45) TOO. 16. 
281 @2' 58.1). 31.05| 5274-1. 33/-O-28| Str welOn5 3) te7e2ledae 0.05] 0.30 100.14 
29) 68.15) 20'52011 97") 110) OL bO. 23) 0, 56) 153 wide O25 IS TOO. 20: 
30|| 65.34] 30.01/1.45 | 0.88] 0.18] 0.52] 0.38] 1.21 .< OW2O1 LOOmn2 5 
2192-74) 2727710 .80 11.550 2186 MAb Om 310.27] ne tO clon Sst rOOmns 
22\| 56,60) 20-4811. 2011 871-0 225) OF 1210.26) I. 2 El str e Owe 226 s2OlntOG eo 
331| 53°27 |-31.72'L. 1612093) © .27102 081-0130) 'O..0719 {1:) | 10¢83).9872 b100sn0 
34|| 66.05] 25.45/1.06 | 1.40] 0.20] 0.37| 0.30] 1.05] tr. | 0.23] 4.05] 100.16 
35|| 58-88) 26. 41/1.35 | 1..221-0235) 0.142100. 34) 11-64) 010110. 72) 8785) 100. 19 
36|| 64.70} 21.90/1.47 | 0.86] 0.45] 0:60] 0.42] 2.16} 0.02] 0.65] 6.96] 100.19 
37|| 85.00] 10.55 2.85' 0.42] 0.40] 0.43] 0.16 e 99.81 
38 85 .30| 11.95|1.85" 0.30] 0.20] 0.29| 0. 24| : 100.13 
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Table II. Chemical Formula. 

: O O © x o) 

Ba eh toh of SO Se fn 

1|| 0.1006] 0.0462] 0.0473] 0.0759] 0.0805] 0.3505 RO, 1.000 Al,O3, 9.534 SiO, 
2|| 0.0871; 0.0218] 0.0556] 0.0348] 0.0566] 0.2559 RO, 1.000 Al,O;, 7.728 SiO, 
3|| 0.0917] 0.0476] 0.0389| 0.0600] 0.0881] 0.3263 RO, 1.000 Al,O,, 7.135 SiO, 
4|| 0.1399] 0.0263} 0.0362] 0.0184] 0.0296} 0.2504 RO, 1.000 Al,O,, 2.481 SiO, 
5|| 0.0423| 0.0132| 0.0333] 0.0264| 0.0292| 0.1444 RO, 1.000 Al,O;, 2.341 SiO, 
6|| 0.0462| 0.0164| 0.0341| 0.0385| 0.0438] 0.1790 RO, 1.000 Al,O3, 2.392 SiO, 
7|| 0.0599| 0.0191] 0.0511] 0.0329] 0.0351| 0.1981 RO, 1.000 Al,O,, 2.371 SiO, 
8}| 0.0392| 0.0447| 0.0276| 0.0110] 0.0245] 0.1470 RO, 1.000 Al,O,, 2.141 SiO, 
9|| 0.0895| 0.0168] 0.0253] 0.0225| 0.0636] 0.2177 RO, 1.000 Al,O;, 3.722 SiO, 
IO|| 0.0501] 0.0203| 0.0226] 0.0094] 0.0208} 0.1232 RO, 1.000 Al,O,, 2.946 SiO, 
II|| 0.0839] 0.0256| 0.0390| 0.0085] 0.0286} 0.1856 RO, 1.000 Al,O;, 3.194 SiO, 
12|| 0.0904] 0.0244| 0.0425| 0.0081] 0.0513] 0.2167 RO, 1.000 Al,O;, 2.591 SiO, 
13|| 0.1147| 0.0260] 0.0497| 0.0163| 0.0699| 0.2766 RO, 1.000 Ai;O,, 4.651 SiO, 
14|| 0.1129| 0.0625| 0.0203| 0.0130] 0.0152| 0.2239 RO, 1.000 Al,O;, 3.166 SiO, 
15|| 0.0988] 0.0666| 0.0153| 0.0143] 0.0127| 0.2077 RO, 1.000 Al,O;, 2.623 SiO, 
16|| 0.0417| 0.0136 0.0167| 0.0126| 0.0147| 0.0993 RO, 1.000 Al,O,, 1.952 SiO, 
17|| 0.1046] 0.0400 0.0394 0.0066] 0.0127| 0.2033 RO, 1.000 Al,O,, 3.271 SiO, 
18 0.0982| 0.0429} 0.0449} 0.0093| 0.0061| 0.2014 RO, 10.00 Al,O,, 3.353 S10, 
19|| 0.0307 0.0090} 0.0127| 0.0213 0.0243 0.0980 RO, 1.000 Al,O;, 1.039 SiO, 
20|| 0.0262] 0.0066| 0.0076] 0.0136| 0.0067| 0.0607 RO, 1.000 Al,O,, 2.071 SiO, 
21}| 0.1188] 0.0277] 0.0216| 0.0055| 0.0124] 0.1860 RO, 1.000 Al,O;, 3.769 SiO, 
22|| 0.1045| 0.0368] 0.0373] 0.0161| 0.0073| 0.2019 RO, 1.000 Al,O,, 3.946 SiO, 
23]|| 0.0678] 0.0368! 0.0201| 0.0152| 0.0111] 0.1510 RO, 1.000 Al,O;, 3.869 SiO, - 
24|| 0.0678] 0.0210] 0.0080] 0.0086} 0.0159] 0.1213 RO, 1.000 Al,O3, 6.963 SiO, 
25|| 0.0634) 0.0167] 0.0052| 0.0075| 0.0052| 0.0980 RO, 1.000 Al,O3, 2.456 SiO, 
26|| 0.0599| 0.0157| 0.0107| 0.0065| 0.0053] 0.0981 RO, 1.000 Al,O3, 2.292 SiO, 
27|| 0.0638| 0.0220] 0.0528] 0.0357| 0.0453] 0.2196 RO, 1.000 Al,O3, 3.851 SiO, 
28}| 0.0508] 0.0160 0.0273| 0.0585] 0.1526 RO, 1.000 Al,O,, 3.352 SiO, 
29|| 0.0955| 0.0076| 0.0223] 0.0350] 0.0631| 0.2235 RO, 1.000 Al,O3, 4.405 SiO, 
30|| 0.0616] 0.0109] 0.0441| 0.0208] 0.0437] 0.1811 RO, 1.000 Al,O;, 3.701 SiO, 
31|| 0.0573| 0.0133) ...-. | 0.0119] 0.0164] 0.0989 RO, 1.000 Al,O,, 6.959 SiO, 
32|| O.0519| 0.0154 0.0103| 0.0200| 0.0444| 0.1420 RO, 1.000 Al,O3, 3.269 SiO, 
33|| 0.0466] 0.0120] 9.0064| 0.0155| 0.0331] 0.1136 RO, 1.000 Al,O,, 2.854 SiO, 
34 0.0539| 0.0142| 0.0370| 0.0193] 0.0447| 0.1691 RO, 1.000 Al,O;, 4.409 SiO, 
35 0.0655) 0.0241| 0.0405| 0.0211| 0.0673] 0.2185 RO, 1.000 Al,O;, 3.783 SiO, 
36|| 0.0855] 0.0374| 0.0698} 0.0315] 0.1070] 0.3312 RO, 1.000 Al,O;, 5.022 SiO, 
37|| 0.3826] 0.0690] 0.1039] 0.0249 0.5804 RO, 1.000 Al,O,, 13.696 SiO, 
38|| 0.2107| 0.0303| 0.0618} 0.0330 O:3358.R0, 1,000 ALO,, 12.132 510, 
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Table III. 
RESULTS OF PHYSICAL TESTS. 


No. 75—-1300° C. 

















Cold 
; Dimen’s before Dimen’s after Linear Deform. ohaits Per cent, 
comp. started strength por. 
ies Were ie 1 crushed x brett geo pean. 30.2 
2 | 9"— gota crushed x | nek 247 1289 30.1 
a B1/.'4/; "21/9 4 crushed x 1210 989 32.4 
4 | 9’ 2’—-21/,” | crushed | x 1180 epee a 25.8 
5 | Bema iat | 81/28 elas ANT \otarigh (| Saab, | a5t0 
6 es 2 i, gel 8} VES ae y 3 " : 
ke ie a et ee ae 
8 33/"— 1/ naif 83/, My 25/,, y_ Auf wT | vn | 8 ot! 
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S| Seta 1 Te a8 /el—20/? | x 1234 1638 | 23.1 
Pee ee NB eas by Alsat | x" | 1205 | Oe eae 
I eee zi 8 a : 1 A 13 ” 
7 alin ) : fe Re Re s | 1233 | 2578 | 23.9 
19 ey eee 1 poe Ve gt/,— 49/42 Via 5/ Lp eae 955 Bata 
20 ge/."— Ae ae 1 2, | 8} liegt ae i >y 1 8, 35 me 33-3 
2I 87 4y vj sie 89 N 4°/i 2/3 " if " Esha aes 26.8 
= —2 : aso = o 
22 g7 ae U/p—4y/ | ae Loe i, y i | se ee ise 
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24 ips Dl ey 7 g7 at ee 37 V/ ” O 
28 n v/ naif Q8./ Mis A oth 9/ ” yw 2551 2169 
26 a ” of es ee 5/ ane oe uv /4, | Tee ane 26.3 
26 | BUA oe Wate aie ade | ai, 1207 1138 | 22.3 
Whe 2/4, 3/4, oak: ae ” 5/M | ics | eee | AOA? 18.1 
: SV see a A ea A aN Rh ie Sn Orr a pian hel eae [Pee OnE 7 ad 
a3 | | | 4714 | 22.2 
AS85279 
. | 1054 | 30.6 
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S hate No. 50-1300° Centigrade. | oe | he 
ae —\ 7819 3 
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Table III—( Continued). 
RESULTS OF PHYSICAL TESTS. 
No. 75—-1300° C. 

No Dimen’s before Dimen’s after Linear Deform. Saieiae BUSES 
comp. started Leesan: gravity 
| | 28 BOF 
2-B gf 948/."—32/," oe. erushed x Fogo0 Cy 28 2.638 
; | 28 2.635 
4-B 81/,"— 49/_"— 27/4 |, crushed Bees 1175 29 rs 
| | Rie 2 13? 
31 2.691 
ae 817, [ison Ah Mit go A 84/3! 47/247 5" Sit 1218 21 2.717 
J; Mines (eer ey) 34 ree as 
9-B Q's ¥22/5 Ae crushed x 1238 2977/5 2.674 
| 33 2.02 
11-B 8"/s hon 4'/s. cS 2"/ 5. g crushed | Roo ee LO 28 2.678 
72-5 ‘— "Bee | crushed | 1175 BA Vik ene A 
13-B 83/,"— 41/, Ws at/" | crushed | 1150 Pheta 2.664 
| 31'/s 2.725 
eB | Bt aco | aratieait i 1 | 124s gn | 2.705 
| | | 34 | 2.912 
| | 31— | 2 Vee 
32 2.647 
19-B 9/16 4'/ 16-2 / rg | 81/2 41/2!—20/ | Oh 1200 337: | 2.075 
20-B 80/2 A | 31 2.738 
| 31 2.668 
| 31 2.676 
23-B 87 /,"— 21/,"— ie 81/. ae Wie 3/,! 1290 31 2.677 
- 29 ewe O22 
ays 272 
26-B Ol VA See Menon yA ane) 72h Al | 1220 31 | 2.744 
| 26 2.682 
| | 31*/. 2.643 
29 "— EP 2 he tee CL USHeG | x 1230 29 2627 
30 8} -2'/," | crushed | x 1180 261/38 Ble ZnS 
31 8/0 oe ye aa ie ae ale Rcd Menem Boras 2054 
32 UE AI thee 019 Uae ee TART ae Meme 1330 31 2.565 
33 (Begs ace as ig fe) /e raBe 4 ey Ys 1330 32 2.655 
34 Soy ye ” | crushed So 1180 25 On 524 
35 = | 30'/, 2.618 

a i 6 
36 alee Aa ree | 27"/s | AY 
27 8°/ Be Of, crushe Me PESO 29 L. 27490 
38 | 9/— ot eee a | crushed | x | I150 (26 | 2E575 
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Further study of the behavior of fire bricks under load 
conditions has convinced the writers that this test not only 
is useful in testing refractories with reference to their 
load-carrying ability at furnace temperatures, but it seems 
to be an excellent means of getting at the real refractory 
value of a certain product. When we stop to consider 
furnace conditions it is at once evident that everywhere 














Fig. 2.—Sample No, 4 tested at 1350°C., and under a load 
of 50 pounds per square inch. 


pressures are to be resisted and not only those due to 
dead loads but also the compression and tension stresses 
caused by thermal contraction and expansion. As is seen 
from the results of these tests, the loads in question are 
not at all commensurate with the compression strengths 
of the product in the cold condition; in fact, are but a 
fraction of them. The higher the furnace temperature, 
the more rapidly is the load-carrying ability reduced until, 
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finally, the refractory is unable to support itsown weight. 
The load test, therefore, measures the viscosity of the 
fire brick at a certain temperature. Since any good re- 
fractory should possess enough rigidity at the temperature 
at which it is to be used to carry the load or to resist the 
pressure it is called upon to meet, it is evident that a fire 
brick, lacking in this respect, is as inferior as a material 





Fig. 3.—Sample No, 12 tested at 1300° C., and under a 
load of 75 pounds per square inch. 


showing a low softening temperature. As has been shown 
in the 1910 paper, an apparently high softening temperature 
is by no means coincident with high viscosity or load- 
resisting power. 

There are yet to be met the questions as to whether 
the load test is fair to all kinds of refractories and what 
the conditions to be met should be. In the proposed test 
in which the temperature is 1350° C. and the load 50 pounds 
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per square inch, it has been our purpose to suggest a test 
for high-grade clay refractories which would certainly 
reject any lower grade material. It has been successful 
in doing this, but whether it is too severe remains to be 
seen. Inno case should a refractory be condemned entirely 
on the basis: of this test... The softening :temperature ‘of 
a well selected sample or of several specimens (in the case 





Fig. 4.—Sample tested at 1350°C., and under a load of 50 
pounds per square inch. 


of burnt bricks) should be determined and a chemical 
analysis should be made. The minimum softening tem- 
perature for a high-grade refractory should be cone 31. 
With reference to the chemical composition, it might be 
said that the RO content as calculated in the customary 
empirical formula should not exceed, in any case, 0.24 


219 


BEHAVIOR OF FIRE BRICKS UNDER LOAD CONDITIONS. 


equivalent. 


In possession of these three data it is not 


a difficult matter to determine whether or not the refractory 


1 material. 


is a No. 
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In Fig. 5, all of the tests made so far are incorporated 


in the chart showing the RO and SiO, content expressed 


is, Ol © COUrseE, 


The alumina 


in molecular equivalents. 
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equal to unity. It is observed that while failures occur 
even with as low as 0.17 equivalent RO this applies to a 
silicious material in which the fluxes appear to be more 
effective as has been pointed out by Richters in his tests 
of forty years ago. On the other hand, no materials appear 
to stand up which contain more than 0.225 equivalent 
RO. Owing to the fact that the chemical analyses made 
for this work under the direction of Mr. P. H. Bates, of the 
Pittsburg Laboratory of the Bureau of Standards, represent 





Fig. 6.—Result of test of coke oven brick which had failed badly 
in actual use. Load applied based on mean cross section, 


exceedingly careful work, this diagram represents relations 
of some importance. 


Fig. 6 affords an illustration of a very inferior re- 


fractory failing utterly in its purpose. It represents a 
sample of wedge brick from a lot which proved to be very 
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unsatisfactory in the coke ovens of the Jones and Laughlin 
Steel Co., of Pittsburg. In the 1350° load test the speci- 
mens failed long before the final temperature was reached. 


It was thought advisable to make some tests involving 
changes in the shape of the test specimen. Thus, Fig. 7 
shows a small pier built up of four half-bricks, representing a 
brand, No. 12, which had failed-in the usual tests, as is 
shown in Figs. 3 and 4. The half-bricks were laid up solidly 
ingood fire clay mortar and then subjected to the load of 








Fig. 7.—Load test applied to a small pier consisting of bricks 
which had failed previously when tested on end. 


50f'pounds per square inch, at 1350°. The photograph 
(Fig. 7) shows that failure occurred very similarly to that 
observed in the previous tests of the same brand of bricks. 


In order to illustrate the point brought out in the 
article of last year, as regards the improvement of the bond 
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clay by adding to it some flint clay and grinding the mixture 
in a fine grinding machine like the ball mill, a clay of the 
No: 2° fire clay’ type was taken’ to represent an“ inferior 
bond clay. One set of auger machine bricks was made from 
the low-grade clay and another set from a mixture of 70 
per cent. of this clay and 30 per cent. of high-grade flint 
clay, ground together in a ball mill to pass the 20-mesh 
sieve. Both kinds of bricks were burnt to cone 12 in a gas- 
fired test kiln. 


Owing to the low refractory grade of the No. 2 fire 











Fig, 8.—Brick made from plastic No. 2 fire clay tested at 1300° C,, 
and under a load of 50 pounds per square inch, 


clay, the conditions of the load test were modified in this 
special case by using the temperature of 1300° and keeping 
the load at 50 pounds per square inch. If this had not been 
done the specimen would have been distorted too badly 
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for illustration purposes. The same test conditions were 
applied to the bricks made from the mixture. 

In Fig. 8, the appearance of the brick made from the 
No. 2 fire clay is shown. It is seen to be hopelessly deficient 
in standing-up quality. The behavior of the bricks made 
from the finely ground flint-bond clay mixture is illustrated 
by Fig. 9. The improvement thus obtained is obvious 
and an example is thus afforded of how inferior bond clays 





Fig. 9.—Brick made from a mixture of 70% No. 2 fire clay (sample 
No. 36) and 30% flint clay, tested at 1300° C., and 
under a load of 50 pounds per square inch, 


may be improved by intimate grinding with some flint 
clay. By improving the quality of the bond clay, even 
though somewhat more of it may be used and adding the 
additional flint clay in the usual manner, it is evident that 
the refractory quality of the brick is decidedly improved. 
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SUMMARY. 


It is suggested that the load test under the conditions 
of a temperature of 1350° C. and a load of 50 pounds per 
square inch be used for the testing of high-grade refrac- 
tories. 


It has been found that no fire brick body showing a 
content of more than 0.225 equivalent RO was able to 
stand up under the above conditions and that with silica 
increasing above the ALO. 2510,¢ratio, they hOecontent 
becomes more effective in reducing the refractory value 
of the material. Thus, with 4.4 molecular equivalents 
of silica an RO content of o17 equivalent brought about 
failure in the-load test. 

The results obtained in previous work have been con- 
firmed. Inferior bond clays have been shown to be im- 
proved by grinding intimately with flint clay. 


DISCUSSION. 


Mr. EE. Gdies; What pressures would you. tioire aa 
good fire brick would stand at a temperature of 1300° C.? 


Mr. Bleoninger: We know that they should stand a 
pressure of 75 pounds per sqdare inch at 1300. Ci We 
have made experiments in which we _ used several 
pressures. With 125 pounds per square inch, most of the 
bricks failed. In fact, practically any fire brick will fail 
with that load. 


Mr. E. Gates: What.is-the effect of. size of grog? 


Mr. Blemninger: We found that the denser and harder 
burned bricks stood best. None stood that had over 
0.2 equivalent RO. Owing to the small load, a dense 
structure cannot be of primary importance, however. 


Mr. Edgar: Did you find all plastic fire clays detri- 
mental? 


Mr. Bleininger: A plastic. clay low in RO bases 
would not be detrimental. In most cases, however, the 
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higher the content of flint fire clay, the more resistant were 
the bricks to deformation. 

Mr. Barringer: Is there any relation between the 
crushing strength of the brick when cold and when heated 
At+13200°°C77 

Mr. Bleaninger: No. 


CUTLERY MARKS ON GLAZE. 
By HARRISON EvERETY ASHLEY. 


One of the defects to which glazed tableware is sub- 
ject is that of taking silver or black marks from the cutlery 
that is used with it. The English manufacturers appear 
to be more troubled by it than the American, the reason 
for which will appear as my paper proceeds. Several 
years ago they offered a prize to the pupils of the pottery 
school for a solution of the difficulty, but I have not heard 
of its being awarded to any one. 

While making my comparative study of the effects of 
impure, brown boric acid and pure white boric acid in a 
white ware glaze (Trans., 12, 448), the ware was tested for 
crazing (Tyrans., 9, 59) by boiling for 8 hours ina saturated 
solution of common salt. The glaze made with pure boric 
acid came from. the bath as bright as it left the kiln; but the 
brown acid glaze was sadly dulled—had lost its brilliant 
smoothness, and would take marks from pieces of metal 
drawn across it. 

The explanation of this is that the sulphates remaining 
from the impurities of the brown acid were soluble in water, 
or became so affected by reacting chemically with the salt 
in the crazing test. This left cavities or roughness where- 
ever they were dissolved out. 

In domestic use and in the more exacting service of 
the quick lunch, besides the roughness from mechanical 
wear there is also the solvent effect of the somewhat salty 
dish-water which is slower in appearing than in my test 
because of lower temperature and greater dilution, but 
inevitable if the sulphates are in the glaze. 


~~ 


I have observed this to be more pronounced in ware 
of English manufacture than in the American ware with 
which I am most familiar. This I attribute to the exceed- 
ingly low sulphur content of the natural gas used by many 


1 By permission of the Director of the Bureau of Standards. 
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American potters, as compared with the high sulphur con- 
tent of the coal that the English potter is obliged to use, 
The advantage is partly sacrificed by the American if he 
uses the sulphur containing brown boric acid instead of 
the pure white boric acid. 

As stated in my last year’s paper, 100 parts of brown 
acid may be replaced by 70 parts white acid plus 15 parts 
borax, with decided advantage in all respects, and no dis- 
advantages. 


CLAY AND KAOLIN MINING IN EUROPE. 
By ARTHUR S. WartTrs, Columbus, O. 


The mining methods of Europe are,in many instances, 
far more primitive than those practiced in our own country, 
but whatever the method employed, the result 1s always the 
best product obtainable from the material at hand. No 
matter how great a saving can be effected by the use of some 
mechanical device, the labor-saver is unconditionally con- 
demned, if the quality of the product is in any way en- 
dangered by its introduction. 

Failure to appreciate the importance of this considera- 
tion is, to my mind, responsible for many of the failures in 
the exploitation of our American clays and kaolins. The 
universal complaint with American materials is lack of uni- 
formity. 

If our clay miners were confronted with half the diffi- 
culties that hamper some of our European cousins, I doubt 
if they would attempt to mine clay at all. 


CLAY MINING OF SILESIA, EAST GERMANY. 


In Silesia, East Germany, is an enormous area of use- 
ful clays varying from a very short but excellent fire clay 
to.a very plastic potter’s clay. At siegersdort, abou a 
miles from Bunslau, are large workings of the average run 
of this clay which carries from 40 to 60 % of fine sand and 
a small content of alkali and lime, so that it forms alone 
a rather short open body. The illustrations (No. 474 and 
475) show the method of working. The overburden con- 
sists of from 20’ to 40’ of sand with a small surface cover- 
ing of loam. This is removed by the simplest pick and 
shovel method and loaded into cars and hauled from the 
working by a small locomotive. When the overburden is 
reduced to within a few feet of the top of the clay, the 
operation is suspended until the clay is about to be removed, 
thus preventing the exposure of the clay to contamination 
with foreign substances or the infiltration of iron bearing 
water. 
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Plate 474. 


Clay mining at Siegersdcrf, Silesia, Germany 








Plate 475. 


Clay pit near Siegersdorf, Silesia, Germany, about 12 miles from Bunzlau. 
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The clay deposits are clean and uniform in quality 
throughout any given strata, although the various strata 
may differ considerably in composition and properties. Each 
stratum is carefully worked so that no mixing of different 
clays may occur. When a bench is broken down, the clay 
is sorted by women and any material from upper or lower 
benches which may be found is removed. These women 
also assist in loading it by hand into cars and it is hauled 
up an incline to the various drying sheds, or weathering 
platforms where it is stored until shipped. The clay here, 
is suited for No. 2 fire brick and terra cotta, the best grade 
being used for cheap glazed wall tile, so much used in Europe. 

In the immediate vicinity of these deposits and also 
to the south of Bunslau are beds of Fein Steinzeug Ton 
(fine stoneware clay). This clay is much fatter than the 
fire clay and, when washed free from sand, burns to a dense 
gray body at cone 10 to 12. As mined, however, it con- 
tains considerable coarse sand which must be removed if 
it is to be used for the better grades of pottery, bution: 
original state it furnishes a splendid material for the manu- 
facture of stew-crocks and jars, and in the hundred of one- 
kiln pot-shops throughout this section, the horse-mill is 
the only clay-preparing apparatus employed. The mining 
of this clay is in keeping with the primitive methods em- 
ployed in its working, since it consists of nothing more 
than a shaft sunk perpendicularly into the earth and sur- 
mounted by a simple hand-windlass for elevating the 
material to the surface (No. 476). Lhe shaft is, rarely 
more than 6 feet square and to ventilate the mine a wooden 
air flue is sunk in one corner, its mouth extending above the 
shed roof. The shaft is sunk with the greatest care and 
thoroughly cribbed from top to bottom. Between all 
cribbing and the face of the shaft, a layer of spruce or 
hemlock boughs is placed to insure against any overburden 
material sifting down into the workings. 

The clay, which is found between two soft sand stones, 
is mined with pick and shovel, lifted to the surface in a 
hoist bucket, dumped into a car and removed to the weath- 
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ering platform where it is spread in a layer from 2 to 
2 1/2 feet deep to weather for a season. At the end of this 
time, its value can be determined by the amount of iron 
discoloration shown. 

Some of these shafts are being worked where surface 
mining could be operated much more cheaply, but the rev- 





Plate 476. 
Fine stoneware clay mining near Bunzlau, Silesia, Germany. 


enue from the clay is so small that property owners will 
not permit open mining, since it ruins the land for agricul- 
ture for many generations, while the shaft, on being aban- 
doned, can be filled and leveled off and the land goes directly 
back to agriculture. This consideration is quite important 
since the land suited for agriculture in this section is limited. 


CLAY MINING AT HALLE, SAXONY, GERMANY. 


The most important kaolin center in Germany is 
Halle on the Saal River, where for more than a century, 
the kaolin for the Royal Berlin porcelain has been obtained. 
The kaolin here is mined by open pit, the deposit being a 
bed of sand carrying kaolin, and by sluice washing, as 
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.much sand as possible is removed. A peculiarity of this 
kaolin is the fact that it is so fat and its sand content is 
so fine grained that only a limited portion can be removed 
by sluicing, and wherever used it is always figured as a 
mixture of kaolin and flint. 


» 


KAOLIN MINING AT ZETTLITZ, BOHEMIA, AUSTRIA. 


The highest grade kaolin mined in Europe, and probably 
in the world, is found at Zettlitz, a village in Bohemia, 
Austria, only about a mile distant from Carlsbad, the fa- 
mous health resort. 


The methods employed in mining are exceedingly crude, 
being in many cases the same as the shaft mining system in 
Silesia, and even in the most improved mines the equip- 
ment is only increased by the addition of a steam pump 
for draining the mine, and a steam hoist. Many years ago 
the mining of this kaolin was undertaken on an extensive 
scale, but the vein of water which feeds the ‘‘Grosse Spru- 
del’’ at Carlsbad was encountered, and only after a great 
deal. of trouble. and, expense was the. leak. closed. 7 [ue 
Austrian government realized the danger of permanently 
injuring this famous and valuable spring, and forbade 
open mining in future. With the shaft mining as operated 
at Zettlitz, of which No. 477 is a good example, only a limited 
amount of kaolin can be removed from one opening and, 
Should a stream of water be encountered, the mine can 
quickly be filled and closed. The kaolin found here ise 
mixed with three to four times its weight of sand and a 
small amount of muskovite, and, by a process of screen- 
ing, the coarsest of these impurities is removed at the better 
operated mines. The large white pile in the right fore- 
ground of the picture consists of this refuse sand. The 
crude kaolin is then taken to commercial mills, where it is 
refined by means of settling tanks and the product is pressed 
in wooden filter presses and dried for shipping. The chief 
superiority of the Zettlitz kaolin over the Halle kaolin lies 
in the fact that the sand and mica in the Zettlitz material 
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is coarse enough so that it can be removed by a settling 
process until less than 4% of sand remains. 





Plate 477. 
Typical kaolin mine from the Zettlitz district near Carlsbad, Bohemia. 


KAOLIN MINING AT POMEISEL NEAR PILSEN, BOHEMIA. 


In the neighborhood of Pomeisel, near Pilsen, is this 
same kaolin but slightly secondary and carrying 0.6 to 
0.8% lime, while at Zettlitz it carries a maximum of 0.1%. 
The deposits at Pomeisel are nearer the surface than at 
Zettlitz, being covered in places by only a few feet of iron- 
bearing clay and sand. The mining here is all by open 
pits, as shown in No. 478, and operations are on a very 
extensive scale. The presence of modern engineering 
methods about these mines is very noticeable, but the same 
care noted in all operations in the smaller mines is also 
apparent. On removing the overburden, the top is stripped 
for a considerable distance, but a thin layer is left immedi- 
ately over the kaolin to protect it from iron or dirt which 
might be washed in by rain. Vast banks of the finest 
clean sand from the settling tanks border the pits on all 
sides to keep out all surface drainage and dirt, and a thorough 
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system of ditches drains all surface water away from the 
workings. 

The deposit is 65 to 75% sand, and is loaded directly 
into wooden cars which are hauled by electrically driven 
cable out of the mine to the sifting house. Here the pro- 
cess of separating the kaolin from the sand and mica is 
carried on by means of a sand wheel, a mica settling tank 





Plate 478. 


Kaolin mines belonging to J. Elias & Co., Prag, Austria, Located at 
Podersam, about 60 miles due East from Carlsbad. 


and fine-sand settling sluices followed by the final settling 
tank and filter “presses. . Hrom=the filter presses: tea clay 
goes to a drying house where warm air is forced by fans 
through the clay cakes and the mass is quickly dried. The 
entire process is carried on under roof and with every pre- 
caution to avoid dirt and dust reaching the kaolin either 
before or after its preparation. 


KAOLIN MINING AT ST. YRIEIX, FRANCE. 


St. Yrieix is the center of the kaolin-producing terri- 
tory of France, and here is still being worked a treacherous 
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vein of kaolin which appears and disappears along the face 
of a pegmatite vein. All French kaolin exists in these 
pocket-like deposits which demands that enormous quanti- 
ties of refuse must be worked over in following the vein 
in the hope of finding a pocket of sufficient size to make 
mining profitable. Illustration No. 481 shows the present 
workings of the original kaolin mine at St. Yrieix, the peg- 
matite vein rising in the center of the picture while the 
soit and friable kaolin appears in the lower right-hand 








Plate 481. 


View of kaolin beds at St. Yrieix, France, about 25 miles south of Limoges. 


corner and rises in benches almost to the head of the top 
of the pegmatite cliff. The methods of mining this kaolin 
are the crudest and most laborious I ever saw, but it goes 
without saying that the final product is a kaolin second to 
none in whiteness and purity. The process of winning 
this famous French kaolin is better observed at Mon- 
tagnac, 3 miles east of St. Yrieix, where the workings are 
more modern but the process exactly the same. One of 
these mines I show you in picture No. 483, and another 
which better shows the enormous area covered in follow- 
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ing this peculiar kaolin deposit is shown in No 484. In 
the former, the white kaolin is seen in the great nugget and 
also in the bank beyond. In the latter view the Kaolin 





Plate 483. 


View of the kaolin mine at Montagnac, near 
St. Yrieix, France. 


deposit is in the center of the workings and is noticeable 
from the clean benches exposed ready for removal to the 
sorting house which you see rising in the center background. 
The process of working is as follows: ; 

When a trace of kaolin is found, a large pit is started, 
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clearing the earth away from the center of operation and 
draining the surface water away from the workings. As 
soon as a pocket is found, all the loose material in that 
portion of the pit is cleared away and a cistern is sunk 
near the pocket to drain off all the water possible from the 
kaolin. The sand and granite refuse about the kaolin 
mass is cleared away from all sides so that it stands four 
or five feet above the floor of the pit. All is then made 
scrupulously clean and the work of removing the kaolin is 





Plate 484. 


View of a kaolin mine at Montagnac, near St. Yrieix, France. 


begun. For this part of the work women and old men are 
employed entirely 2 9With) a itray about<20"x 207 )x 5” .in 
size, they seat themselves about the kaolin mound and with 
a common steel table knife dig off chunks about the size of 
an egg until they have their tray full. This they carry on 
their head to the sorting shed where each piece is carefully 
cleaned of every particle of biotite, and also of any lumps 
of undecomposed granite present. The product is like 
meal and has been sorted during the process of cleaning so 
that three grades are produced—the pure white, the cream 
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and the buff. The latter is about 50% of the total deposit 
and includes all kaolin that is stained from iron, and all 
of the material from the surfaces of the kaolin mass. Often 
in the center of a great block of white kaolin will be found 
a crevice filled with bright golden sand and kaolin. The 
hand-sorting enables this to be completely removed with 
little or no loss of high-grade kaolin. The kaolin can be 
washed free from the sand and mica, if desired, but this is 
seldom done, the different grades of kaolin being shipped 
with their sand content to Limoges or Sevres. For porce- 
lain bodies, nothing is added except a small amount of feld- 
spar, or flint, or both and the whole is ground together to 
the desired fineness. 

The Limoges district is peculiar in that the manufac- 
turers do not prepare their own bodies but buy them ready 
for the kneading machine and in some cases ready for the 
jigger. A porcelain body factory is a peculiar and interest- 
ing place. The stock consists of a dozen bins of various 
grade kaolins with their respective content of sand, and 
in addition to this a stock of pegmatite, flint and feldspar, 
all quite coarse. The grinding is all done in chaser mills 
made from barrels and to obtain a sufficiently fine sand 
requires about 24 hours. 


PIPE CLAY MINING AT DEVONSHIRE, ENGLAND. 


In England, the mining of clays is especially interest- 
ing. The mining of pipe-clays at Newton Abbot is shown in 
No. 471. ‘This type of clay lies between the ball clay and 
the semi-plastic fire clay and resembles closely the plastic 
clay mined in Germany. All pipe clays are mined by 
open workings and the greatest care is exercised to keep 
the product free from foreign substances. The clay here 
shown is mined in two benches, the upper bench, however, 
being of an inferior grade and only the lower bench is 
mined by true pipe-clay mining methods. The digging is 
all by hand and the clay is taken out in shelves or tiers. 
A spade is used to cut the clay into uniform blocks about 
9” x 6” x 6” and these blocks are loaded by hand into a car 
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in which they are brought to the surface and stacked ona 
wooden platform in regular tiers like brick. After a few 
days of air-drying the clay is shipped. Any blocks of clay 
that break or spall are called ‘‘Breaks’’ and are of a lower 





Plate 47x; 
Pipe clay mines: Devon Clay Company, Newton Abbot, Devonshire, England. 


grade than the solid blocks, owing to the higher sand con- 
tent indicated. This clay is used for white smoking pipes, 
hence its name, and also more extensively for cheap white 
ware, yellow ware, and high-grade terra cotta. 


BALL CLAY MINING AT DEVONSHIRE, ENGLAND. 


Ball clay mining in Devon is a peculiar combination 
of pumping out water and mining clay. The ball clay and 
many of the pipe clay mines lie below the level of the river, 
and as the surface soil is a loose sand, the water filters in 
very rapidly and often two pyimps are necessary to enable 
the clay miners to work. View No. 472 shows one of these 
pits being sunk, with the hoist on the left and the pumps 
in the rear. The cribbing necessary on account of the 
treacherous nature of the overburden is here shown. 
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Ball clay is all shaft-mined. It hes in pockets near 
the pipe clay but generally at a lower level. The shaft is 
sunk to the bottom of the clay bed and the clay then taken 
out from all sides. The wet condition of the clay prevents 
it being cut into regular blocks, but it is handled in as 
large lumps as possible and sorted immediately on coming 
to the surface. View No. 473 shows a complete rig for 





Plate 473. 


Whiteway Bros.’ ball and pipe clay mines, Newton Abbot, Devonshire, 
England. 


mining ball clay, the hoist being shown swung back away 
from the shaft and the double pump.in the foreground to 
the right. All the pumps in a district are driven from a 
central engine by means of the walking-beam system of 
power transmission, and pumping goes on night and day. 


CHINA CLAY MINING AT CORNWALL, ENGLAND. 


If the mining of ball clay in England is handicapped 
by the presence of water the mining of china clay is equally 
handicapped by the absence of clean water in sufficient 
quantity. Practically all the china clay of the Cornwall 
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district 1s shipped from St. Austell. The china ‘clay of 
England like the kaolins of France and Germany is mixed 
with many times its weight of quartz sand and other decomposition 








Plate 468. 


China clay mines of the Bloomdale China Clay 
Co., St. Austell, Cornwall, England. 


products of granite,and often lies in enormous hills, side by side 
with vast deposits of undecomposed Cornwall stone. Astream 
of water is turned on the face of a cliff, as shown in view No. 
468, and, by means of shovels and picks, the workmen 
cause the stream to spread itself about and float as much 
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clay as possible. The clay-laden water rushes down the 
face of the hill through the sand and broken stone, the 
large particles of quartz and mica being practically certain 
of finding a lodging place along the way. At the foot of the 
steep descent, a long sloping bed of fine sand is encountered 
and through this the clay slip must work its way as shown 
in view No. 469, landing finally at the sluice level from which 





Plate 469. 


China clay mines of Bloomdale China Clay Co., St. Austell, Cornwall, England. 
View at bottom of clay pit. 


it is taken by trough to the pump which conveys it to the 
settling tanks above. The face of a clay mine from the top 
to sluice level is shown in view No. 470 in which the course 
of the water can be traced from the starting place in the 
upper center along the xcight) sidevof the ypicturemimilrit 
unites with other streams at the cistern in the lower right 
corner and is pumped to the sand and mica settling tanks 
on the hill 200 feet. above: 

In view No. 467 the clay-laden water enters the troughs 
in the center front and passes along these to the opposite 
end from which it passes to the circular tanks shown on 
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the right, entering them at the bottom, and passing off 
at the opposite side top. By this time the clay is practically 
all settled and the water is returned clear for another bur- 





Plate 470. 


China clay mines of the Bloomdale China Clay 
Co., St. Austell, Cornwall, England. 
General view of the hillside 
of kaolinitic material, 


den of clay. The clay is allowed to accumulate in these 
tanks until it reaches the consistency of thick cream, when 
it is tapped off through a large main into the final settling 
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Plate 467. 


Clay refining plant of the Bloomdale China Clay Co., St. Austell, Cornwall, 
England. 





Plate 466. 


The final settling tank of the China clay refining process of the Bloom- 
dale China Clay Co., St. Austell, Cornwall, England. 
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tanks shown in view No. 466. These tanks are of concrete 
and the clay accumulates here and air dries until it can be 
handled with a hoe, when it is drawn into the tile-roofed 
house adjacent, which is equipped with long tile-covered 
drying kilns where the last of the water is removed by 
evaporation, and the china clay is ready for shipment. 


DISCUSSION. 


Mr. Barringer: Two things in this paper struck me very 
strongly: (1) The conservation of natural forces in Ger- 
many as an economic asset, carefully saving the top soil 
so that after the clay is removed there will still be a nice little 
farm; (2) the very careful preparation given to their clay. 

Mr. Edgar: When speaking of the largest kaolin 
plant in Germany, you stated that they had a large content 
of sand which had to be washed oit of the kaolin. I would 
like to know what method they used to remove the sand 
daiter nit tiadsbeen separated: from, ithe clay: 91, think. you 
said they had from 40 to 60 per cent sand. 

Mr. Watts: From the troughs it is hauled out into the 
bank in a wet state.. A head of water is turned on in the 
troughs and the sand is washed out and down a hill. All 
those mines where they have kaolin washing, with the 
exception of Carlsbad, are gotten up as high as they can go 
and get water, so as to have plenty of room to get rid of 
their sand. 

Myc Hagars: Inoyour: last: picture,.of the: St, / Austell 
mines you showed their process of settling out of the mica 
in mica sluices. Is that their only method of separating 
the mica from the clay? 

Mr. Watts: That is the only way of getting it out. 
You know I mentioned that the clay has to go through 
a bed of coarse sand before it comes to the sluice where 
it is pumped up and I found on examination that there 
was very little mica left by the time it got to that final 
gate and cistern at the bottom. The material as it went 
into the mica trough was practically free from mica. I 
saw them rewashing refuse and asked: ‘‘Why do you go 
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to all the bother of taking all this sand up the hill to wash 
it again? Why don’t you agitate it down here?’ They 
said they wanted to give it a chance to run down through 
the sand bed for the sand would catch practically all the 
mica before it got down to the cistern where they pumped 
it up on the hill. 

Mr. Edgar: I understood filter presses were used in 
that district. 

Mr. Watts: Filter presses are used. 

Mr. Edgar: Do they leave it in that final settling 
tank for some time, unprotected from dirt contamination? 
Since they have a pumping station they must use consider- 
able coal. 

Mr. Watts: Yes, they undoubtedly do use some coal, 
but I did not see any evidence of dirt or refuse. They are 
very fussy about keeping their clay clean. For instance, 
a man never thinks of going into one of these houses with- 
out removing the shoes he is wearing, and putting on 
wooden shoes. 

Mr. Sant: The clay must have been very much more 
difficult ‘to “reach over: there. ithan® here.2 We haves been 
somewhat reluctant to believe that the European clay 
miner has more difficulties to contend with than we have. 
Their natural advantages are certainly not any greater 
than ours, and their methods, compared with ours, seem to 
be more crude. I do not believe our men change their 
shoes when they go to lunch or anything of that sort, but 
we do exercise reasonable care to get out pure material. 

Washing down the face of a kaolin bed to separate 
out the kaolin, as he described as being practiced in England, 
would be impractical in any deposit that I have seen in the 
United States, and even if it were practicable, it would 
seem that while the stream was washing down the kaolin, 
it would also wash down a good many other things we do 
not want. I would like to ask if this is not true in Europe? 

I understand Mr. Watts to say that they get rid of 
their mica by settling. Mica does not settle, it floats: 
Mica in North Carolina occurs in small flakes and as long as 
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there is any kaolin held in suspension, the slip will be heavy 
enough to float the mica. The only way we can get rid 
of mica is by sieving or by infiltration, and I do not believe 
the latter method has ever been tried here. 

Mr. Watts: The amount of impurities washed down 
from the face of the English mines is very small, at least 
so far as I could observe. The material as it lays on the 
cliff is a mixture of sand, Cornwallstone, and mica, and 
every effort has been made to prevent surface material 
getting into the mine. The washing down of the whole 
face seems to remove the fine material, which is mostly 
kaolin. The amount of mica which reaches the settling 
tank, or the cistern at the foot of the incline after it has 
passed this comparatively level sand bed, is very small 
indeed so that when it enters the first of the mica sluices 
there is but little quantity of mica to remove. I saw them 
cleaning one of these flumes or sluices. The refuse they 
obtained was a kaolin-like material containing shining par- 
ticles. JI am inclined to think that the large area of sand 
was really their main filtering system. 

Mr. Orton: In the kaolin mines at Dillsboro, North 
Carolina, the occurrence of the mineral is similar in nature 
tosthat-of ther steAustellybed; excepting? that -the- vein 
is very narrow compared to the enormous mass, which 
ineymscem stomhavemat. >t, Auctell«, In: the “latter, they 
go down into a body of material of practically unlimited 
size, all of which is white burning. In the North Caro- 
lina proposition they are debarred from using the strake or 
water erosion process of mining because the vein is so nar- 
row and surrounded with red burning materials on either 
side. In the kaolin mines in North Carolina which I visited, 
they were getting only 25 to 35 per cent. of kaolin, from 
65 to 75 per cent. being coarse quartz, mica and various 
large-grained minerals. If water could have been allowed 
to run over the steeply inclined face of that material, it 
would have washed out the white, soft kaolinic material 
and left behind the coarse matter, but it would have also 
included the rusty and stained kaolin with the white. 
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Mr. Edgar: I hardly agree that the foreigner has 
more obstacles to contend with than we have and I could 
not imagine a better proposition in mining than: that in 
the English mines. They have no flumes to build and have 
water running over comparatively pure china clay. In 
North Carolina we had to run a pipe line for a long dis- 
tance to get clear mountain water. There was water all 
around, but we were afraid of getting impurities from it. 
Then again the country was too rough to bring the clay to 
the railroad and we had to bring the clay as a slip three 
miles through a pipe line. 

Florida clay contains from 60 to 80 per cent. of sand 
and the greater partiof the clay is under water: ‘Also the 
country is flat so that the-removing ‘of the sand, after it 
has been washed from the clay, is not always so easy a 
matter as it would be in a hilly country, such as those of 
Germany described by Mr. Watts. 

When one considers the clay mining situation in the 
United States as a whole, as compared with that of Europe, 
I am inclined to think’ that the obstacles: toxbe overconie 
in this country are greater than those of Europe, and that 
the American clay producers are not as well paid for their 
product and their efforts as are the European producers. 

Mr. Sant: The proportion of mica in English, French 
and German kaolin must be very much smaller than it is 
in North Carolina, or quite generally in this country. 
Therefore, I think that that must be the reason they do 
not have any difficulty with it. In North Carolina mines, 
they will get a ton of scrap mica to ten tons of kaolin. 
They could not get rid of it by any system so far set forth. 
We cannot adopt other plans for various reasons, as for 
instance our labor conditions render the European method 
of working in this country impossible. They do not sift 
their clay, while every miner of china clay im this country, 
I believe, washes his clay through sieves, some of the 
mica being taken out in that way. 

Mr. Spew: How many hours constitute a day’s 
work for the women who carry the kaolin? How much 
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are they paid per hour and how much clay do they carry 
in the course of a day’s time in the trays on their heads? 

Mr. Watts: Ido not believe that the number of hours 
a person works gives a comprehensive idea unless you 
realize the amount of work they do. I do not believe 
that either one is worth considering unless you take into 
consideration the amount of pay that they get for a certain 
amount of work. In France these people possibly handle 
two tons of clay a day. They are paid from 20 to 25 cents 
a ton, that is, about 40 to 50 cents a day for cutting the 
clay out of the deposit and carrying it to the sorting house. 
The cleaning and sorting costs about 25 cents per ton of 
material handled, of which approximately one-half is mar- 
ketable. After cleaning and sorting, the clay has to be 
hauled a very long distance by wagon to the railroad, which 
probably adds 60 to 70 cents a ton to the cost of the clay. 
In France they handle, conservatively speaking, probably 
one hundred tons of material for every ton of kaolin they 
gev Oulu Ine vein. where Jabor iss-very much better 
paid, and the amount of material to be handled is not so 
great, they claim that the kaolin stands them about $12 a 
ton actual investment before they are ready to ship it, and 
we pay in the United States about $18 or $20 a ton for 
first-grade Zettlitz kaolin. 

Mr. Speir: Then I understand these women make 
40 to 50 cents a day and handle two tons a day in about: 
eight or ten hours. I understand that there is consider- 
able sand found in connection with this kaolin or clay. 
Has this sand any value in the state in’ which’ it is left 
after the clay is extracted from it, or could it by some inex- 
pensive process be made to have value for the making of 
glass or pottery, or for use in the manufacture of silica 
brick, or for some other purpose? If not, why? 

Mr. Watts: They have many thousand tons of sand 
with every little deposit of kaolin, and sand is a drug on the 
market. Mr. Elias said to me they would be glad to pay 
a man something to haul the sand off their property. This 
sand is used in the Bohemian Glass Works, but this really 
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utilized but a trivial percentage of the amount available 
and the potteries require but littl. In France the refuse 
from the kaolin cleaning is such an irregular mixture of 
pegmatite, biotite and quartz, that I doubt if it could be 
utilized in any ceramic manufacture. 


SOME EXPERIMENTS ON THE COLOR OF SODA-LIME 
GLASS. 


By K. TAKAHASHI. 


A glass made from sand, soda-ash and lime always has 
green, tint “dite sto. presence iof iron... To° overcome. this 
green tint and make the glass colorless, it is necessary to 
use a decolorizing agent. The most common decolorizer 
in practical use is pyrolusite, commonly called manganese. 

Chemical Theory of Manganese as a Decolorizer.—In 
regard:to the decolorizing action of manganese, there are 
two different theories: one chemical and the other physical. 
The chemical theory attributes this action to the oxidizing 
power of manganese dioxide. Ferric oxide imparts bluish 
green color to glass, and ferrous oxide gives yellowish green, 
which is less noticeable than the former. Manganese 
oxidizes ferrous oxide to ferric oxide, thus making the green 
tint less pronounced. 

Physical Theory.—The physical theory explains this 
action by the chromatic action of pink from manganese 
on the green from the iron. Pmk and green are comple- 
mentary colors, and consequently manganese neutralizes 
greenish iron color and produces a colorless glass. Korner 
obtained a colorless glass from a mixture of red and violet 
glasses. Luckow obtained a colorless glass by melting 
copper oxide in a glass which was strongly tinted red by 
manganous oxide. 

The writer thinks that the decolorizing action of man- 
ganese is mostly, if not altogether, due to its chromatic 
action. Under ordinary conditions, iron imparts bluish 
green color to the glass. The writer has failed to obtain 
yellow or yellowish green color from iron in soda-lime 
glass, even with a highly oxidizing batch. Glass contain- 
ing manganese loses its pink color to some extent during 
annealing in a lehr, making it necessary to have the 
glass slightly pink before it goes into a lehr for otherwise, 
the glass would come out green. This fact also seems to 
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show that the action of manganese is not chemical, because 
if it were chemical, it would not be necessary to have 
pink color before annealing, and it would not become green 
imeties lent 

The greatest trouble in making glass in a continuous 
tank containing 100 tons or more of glass is to keep a uni- 
form color, and to get perfectly colorless glass day after 
day. 


EXPERIMENTS TO DETERMINE INFLUENCE OF 
DIFFERENT MATERIALS ON COLOR. 


The Base Batch.—The writer made some experiments 
to find the influence of different materials on the color 
of glass. The batches were melted in fire clay assay cru- 
cibles, in a down-draft test furnace. Natural gas was used 
as fuel, and air was supplied by means of a small blower. 
The following batch, except where otherwise stated, was 
used in all cases. 


Sandee ae. PRR ore 200 pounds 
HOA aS tees seer 80 pounds 
Buriiitine se ec 23 pounds 


When nitre was used, soda ash was reduced so that the 
soda content of the batch was the same. 

The sand used for the experiments contains 99% SiO.,, 
and 0.06% Fe,O,. The soda ash is 58 per cent. ash, which 
contains about 99 per cent. of Na,CQ,. The lime is high in 
magnesia, containing about 55 per cent. CaO, 38 per cent. 
MgO, and o.1 per cent. Fe,O,. 

A slight difference in conditions of the furnace or intro- 
duction of a little impurity had greater influence on the 
color of these small batches than they would on a larger 
batch in a larger furnace, hence, the writer does not claim 
that the result of these experiments are exactly comparable 
with those which would have been obtained in a tank fur- 
nace. It is very likely that on a larger scale more color- 
ing matter would be required to produce the same color as 
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was obtained in these small batches. It is reasonable to 
think, however, that if a certain batch gives a better color 
than others, that particular batch will likewise give a better 
color in a tank. 

Manganese and Powder Blue.— Four series were com- 
pounded by adding the following proportions of manganese 
and powder blue to the base batch. 

















No. 1 | No. 2 No. 3 | No. 4 
Manganese........ : 16 OZ. 16 OZ. Ba O7e aye 
Powder blue....... Y% oz. 102, 107" 2 OF. 





The powder blue used in the experiments analyzed as 
follows: 


Sag LOM Sieh aS aN AN TAN CO ee 69.94 
UTS CDR ODS 1 AY tenn Rn a ae OnL7 
NIE BUSAN 5 nas ker ets ta a ea ea ae On02 
(SUG) Se Gn te BOCs Pec A A ae Cae a a 57.29 
(NETS SS Pah ie theta Ra iv ihe: Ct aan ee eae rae 0.41 
UGA GME IS ag Raut 2 -tel ate A e  a e 19.92 
POSS OM ORIEL iat An erage. ole clei byes 1.66 


Minis 20 7 C. Noel had ereenisit cast,and "No.2 had 
Dliuishesiiade. = (At 1425-'C), No! 2 was bluish green; and its 
color was more pronounced than No. r.°:A slight-excess 
of blue is desirable as long as there is enough manganese to 
mask theiron color, but when manganese is “burnt out’’ and 
green color due to iron is brought out, blue intensifies the 
green tint and makes the color more pronounced. 

With 32 ounces of manganese, one ounce powder blue 
gave dark red, even at 1425°C., while two ounces powder 
blue with 32 ounces of manganese gave only faint red at 
1320°C., and purplish blue at 1425°C. From this, itis plain 
that the blue counteracts the coloring effect of manganese. 

If we can regulate the amount of manganese to be 
used, so that there is just enough of it to neutralize the 
green color due to iron in the glass, there will be no necessity 
to use powder blue. But this condition cannot be attained 
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in practice, especially in a continuous tank. To guard 
against fluctuation of purity of the raw materials, we use 
a little more manganese than necessary, and add a small 
amount of powder blue to mask pink color. Under ordi- 
nary conditions, 1/2 to 3/4 oz. of powder blue should be used. 


Some glass makers adhere to certain ratio between 
manganese and powder blue, increasing powder blue with 
increase in manganese. But, from the above, it is apparent 
that you cannot set proportion of powder blue to manga- 
nese for all cases. It is true that under normal conditions, 
where manganese does not exceed 16 ounces, or thereabout, 
one part of powder blue to 16 parts manganese may be about 
right. But this does not apply when manganese is higher 
than 16 ounces. Increase of powder blue with increase of 
manganese is not only wasteful, but also injurious to the 
color, because excess of manganese and blue gives dark 
glass at best. 


To study effect of powder blue on green glass in a tank, 
two batches were made, one with 20 ounces manganese, 
1/2 ounce blue, and the other with 20 ounces manganese, 
one-otnce blue, -Green cullet was added. to eachem, pro- 
portion of one part of cullet to one part of sand. Two 
batches showed little difference at low temperature, but at 
1425°.C.; the one with ‘one ounce of blue. was decidedly 
darker green than the other. 


Then, a batch with one ounce of blue and no manga- 
nese was made, and dark red cullet was added in the same 
proportion as in the former case. At low temperature, it 
gave light green, and as the temperature increased, the 
depth of green tint increased. 


From the above results, it is seen that there is no use 
of increasing the blue when you want to overcome green. 
On the other hand, when you have “high color” in tank, 
an increase of blue will kill the red color. 

White Oxide of Antimony.—A number of batches were 
made by adding 20 ounces manganese, 1/2 ounce powder 
blue, and white oxide of antimony in various quantities, 
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from 2 ounces to 30 pounds per batch. The same batch 
with no antimony was also melted at the same time. 

Without antimony, it gave decidedly green glass. 
Antimony in a small quantity gave good colorless glass. 
Two ounces of it gave as good if not better color as higher 
quantity of it. Above ro pounds it gave a pale yellow color. 

Needle Antimony.—A small amount of needle anti- 
mony had the same effect as white oxide of antimony, but 
a larger quantity of this substance produced greenish yel- 
low color. Five pounds of it gave fairly dense color. This 
stronger coloring power of needle antimony over that of 
white oxide of antimony is possibly due to sulphur in 
needle antimony. Needle antimony is decomposed, set- 
ting sulphur free, which, when dissolved in glass, gives 
a yellow color thus augmenting the yellow color from anti- 
mony, giving a darker color. 

Niter.—In order to determine influence of niter on 
color, especially when dirty cullet is uesd, three batches 
were made as follows: 




















I 2 | 3 
Dates h soe pr Re Ras nce 200 lbs. 200 lbs. 200 Ibs. 
OUara Ste wa om en tea so. ee Bee moni tt 
LSE TOES ol ae ema ape a cn ee O Bae uae 
baie: i. beet eee as oe rac any sae tp osu 
Manganese........05 65 20:02. 20 OZ. ZOWZ: 
Powerless ase a ee Aue 4“ 





To each of these batches very dirty cullet was added 
in proportion of 1/2 part cullet to one part of sand. 

No. 1, which contains no niter, gave decidedly green 
glass, and No. 2 and No. 3 were very much better, No. 2 
being especially good. 

Niter as an Oxidizing Agent.—Manganese in glass loses 
its color when it is reduced; therefore, it is objectionable to 
have a reducing agent in tank. The most common reduc- 
ing agents, which we have in glass tanks, are smoky flame 
and organic matter, such as grease or dirt. For this reason, 
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if we use dirty cullet, it requires more manganese to pro- 
duce a colorless glass, and, also, it is harder to keep the 
color uniform because we do not know how much of reduc- 
ing agent we are putting into the tank. Now, if we add 
niter, which is a strong oxidizing agent, it will counteract 
the reducing action, and keep manganese oxidized, causing 
the glass to hold its color with the use of less manganese. 





















































FLUORSPAR. 
To test influence of fluorspar, following ‘batches were 
made: 
I 2 3 4 5 6 7 8 
Pounds | Pounds | Pounds | Pounds | Pounds |Pounds|Pounds| Pounds 
Sandyane. i200 200 200 200 200 200 200 | 200 
Soda.sss704 80 79 78 755 70 78 78 75 
Lam ex aake 29 22 23 23 23 | 23 23 2 
Fluorspar. . oO I 2 5 IO | 2 2 5 
| Oz. Oz. Oz. Oz. Oz. Oz, Oz. Oz. 
White oxide of | | 
antimony. . O O oO O O 2 | 5 2 
Manganese... | 20 16 20 20 20 20 20 20 
Powder blue. | 4 + 4 4 4 | 4 4 | $ 
| 





It was found that greater the amount of fluorspar 
used, better is the color. No. 7 and No. 8 were very good. 
Besides effecting the color, fluorspar makes the glass softer, 
and seems to make it easier to plain. If we can plain the 
glass in shorter time, we can pull the tank more. If the 
glass is worked out faster, it is subject to heat for a shorter 
time; consequently, less chance to burn out the color. 


Feldspar.—Two to ten pounds of feldspar were tried, 
and it was found that with it the green color was increased. 
This is possibly due to the presence of a large amount of 
Al,O;, which seems to make the glass more susceptible to 
reducing action. The writer found a similar result in opal 
glass. Kaolin and free alumina have been tried as opacifiers, 
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but they could not be used on account of bluish or greenish 
tint which they imparted to the glass. 

Magnesia.—There is difference in opinion as to the 
influence of magnesia on the color. Some go so far as to 
assert that magnesia is necessary to obtain good colorless 
soda-lime glass. The writer made two batches, one with 
highly magnesium lime as before, and the other with very 
low magnesia, analysis of which is given below. 


BIO CU e et aAMe cl ton aRvA Seite Lees ty din 0.59 
| OSCE eco Bl Leia agp eiioh gai aU chee ananer g 0.05 
Ji 1 fog the Sea onsen A O45 
OER Ane er See, CRN Ste RRR RM ire 96.84 
Ni tes Dee SAR Ue Sa aR EE eh eek een a a Ox72 
Teosstontignitiony > 15 sistem. cbs He eek. I.40 


Samples made from these two batches showed no dif- 
ference in the color at all temperatures, but with low mag- 
nesia content, it required lower temperature and shorter 
time to plain the glass. This is beneficial for the same rea- 
son as explained in regard to fluorspar. 

In conclusion, the writer wishes to acknowledge his 
indebtedness to the management of the Hazel-Atlas Glass 
Co. for etanting permission to present this paper before 
the Society. 

DISCUSSION. 


Mr. Orton: Is your opinion about the alumina giv- 
ing a greenish tint to the glass founded on experiments 
with pure oxide of alumina, or with aluminous minerals 
like feldspar and clay? 

Mr. Takahashi: I tried feldspar and kaolin, and also 
calcined aluminum, and in all cases I got bluish or greenish 
tints. 

Mr. Orton: Was the calcined alumina, that you added, 
the pure white material? 

Mr. Takahashi: I got the material from a reliable 
firm, and although I did not make an analysis, I think it 
was quite pure. 

Mr. Orton: The minerals containing oxide of alumi- 
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num, especially the feldspars and kaolins, nearly always 
contain some iron, apparently in precipitated form. I 
have observed that whenever you add an aluminous min- 
eral to a glass you get the green color. I have always 
believed that the iron carried in with the alam inous min- 
eral was the cause of this effect. 

Mr. Bleininger: J agree with Professor Orton that the 
color cannot be attributed to the alumina directly. 

Mr. Takahasht: I do not think it is due to the pres- 
ence of aluminum itself. Possibly it is due to some action of 
the alumina on some other element, or possibly the iron. 
I am not able to explain why it should exert that effect, 
but in my research I found a remarkable difference in tint 
with addition of very small amounts of alumina to a glass 
which contained none. 

Mr.. Purdy: J. Appert has discussed “this point in 
an article to be found in the Jour. Soc. Chem. Ind., 1896, 
p. 357- He says: ‘‘One inconvenience, however, attends the 
introduction of alumina into colorless glass: namely, that 
it tends to give color, owing to its action on any iron oxide 
present. 


NOTES ON DR. H. HECHT’S INVESTIGATION OF SEVERAL 
RELATIONS BETWEEN PORCELAIN AND FELD- 
SPATHIC EARTHENWARE." 


By HARRISON EVERETT ASHLEY. 


Hecht’s results are given in extensive tables, record- 
ing some 1,200 observations. It seems to me, however, 
much easier to comprehend them as a whole and also to 
study them in detail by means of diagrams. In place of 
copying his tables, I have prepared 14 diagrams, which 
contain the results of all these 1,200 observations on 75 
different bodies. 

The form of diagram chosen is the triaxial one, on 
which the location of a point tells its composition in clay 
substance, feldspar and silica. Contour lines are drawn 
through points having similar properties. For example, in 
Fig. 1, they are drawn through points that are at the limit, 
where good glazes cease and shivering begins. 

In the equilateral triangle A B C ( Fig.1), if any point 
F is taken, its distance from the three sides of the triangle 
will give the composition of the body it represents. The 
sum of the three distances is taken as always 100 per cent. 
The side AC represents o per cent. feldspar; the vertex B 
opposite represents 100 per cent. feldspar; F is 12.5 per cent. 
of the distance from AC to B and‘represents 12:5 per cent. 
feldspar. F is 30 per cent. of the distance from BC to A 
and represents 30 per cent. clay substance. F is 57.5 per 
cent. of the distance from AB to C and represents 57.5 per 
cent. silica. Similarly G represents 2.5 per cent. feldspar, 85 
per cent. clay substance, and 12.5 per cent. silica. FE is at 
70 feldspar, 30 clay substance, zero silica. D is at zero 
feldspar, 30 clay substance, 70 silica. All possible combina- 
tions of the three substances are represented each by one 
point within the triangle. 

With the clay substance from kaolin, Hecht found 
that with all compositions given by position in the Fig. 


1 Copied from Brick, Vol. XXIII. No. 3, by permission. Dr. H. Hecht’s original 
article appeared in Thonindustrie-Zeitung (1897) 
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Clay Mie ™ Zero per cent aioe Sil1ca 
oUubsla7Cce 100 100 
Description of Fig. 1. 

Hard porcelain glaze oo wep AMO: LOS105. 


Body and glaze burnt together at cone 16, 

Horizontal hatching, region of good glazes when the clay substance is 
entirely from kaolin, 

Vertical hatching, region of good glazes when the clay substance is en- 
tirely from plastic clay, 

Dotted area, region of good glazes when the clay substance is half from 
kaolin, and half from plastic clay. 

The regions with from o to 30 and 85 to 100 per cent. clay substance are 
untested. 
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PE FG, the particular hard porcelain glaze held good, but 
with bodies of compositions given by G F D N, the glaze 
shivered. The regions A P Gand E BC D were not tested. 
With half the clay substance from kaolin and half from 
plastic clay, the glaze held good in the région P’H H K N, 
and shivered in the area Ki/H D. “With all the clay sub- 
stance from plastic clay, good glazes were in the area 
P ELM N and shivered glazes in the area M L D. 

vimilar explanations hold for Figs. 2, 3, 4, 5,6, 7 and 8. 

The limits of translucency are shown by Fig. 9, and 
the limits of porosity by Fig. to. 

The per cent. of linear contraction for kaolin bodies at 
econes:o9g and io is given in Figs. 11,and.12, and for. plastic 
bodies in Figs. 13 and 14. Hecht says that, when half the 
clay substance is from plastic clay and half from kaolin, 
the shrinkage corresponds to the mean values of the tests 
on kaolin bodies and plastic bodies. 

No tests of any kind were made on bodies. with less 
than 30 per cent. clay substance or over 85 per cent. 

The composition of the bodies is the same in clay sub- 
stance, quartz and feldspar content, with the correspond- 
ing Arabic numeral. It passes through all gradations 
lying between the above-mentioned Wegeli body and the 
Copenhagen porcelain. Since at each point the clay sub- 
stance consists once only of kaolin, once of half from kao- 
lin and half from plastic clay, and finally is taken exclu- 
sively from a plastic clay, by this means there are given, 
with otherwise equal content in silicate of alumina, quartz 
and feldspar, the following noteworthy differences espe- 
cially with regard to the holding of the glazes. 

1. Ihe Seger-porcelain glaze (Fig. 2), as well as the 
hard porcelain glaze (Fig. 1), holds more freely from craz- 
ing the higher the content of plastic clay is, as opposed to 
kaolin in the bodies. While the quartz-rich, non-feld- 
Spatmcukaolin bodies, Kor, K'3> Ky and: K 11, aré;com- 
pletely shattered by both glazes, a breaking-up does not 
take place with bodies made up of Westerwald clay with 
equal content of clay substance, quartz and feldspar. 
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Description of Fig. 2. 
fone K,O/ 
0.7 CaO { 
Body and glaze burnt together at cone ro. 

Horizontal hatching, good glazes, kaolin clay substance. 
Vertical hatching, good glazes, plastic clay substance. 
Dotted area, good glazes, half kaolin, half plastic clay substance. 


Seger porcelain glaze 0.5Al,03 45i10,. 
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Description of Fig. 3. 
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Stoneware glaze No. 1 ae Gate AL.Os) ways 


Biscuit fired at cone 6, glaze at cone og. 

Horizontal hatching, good glazes, kaolin clay substance. 
Vertical hatching, good glazes, plastic clay substance. 
Dotted area, half kaolin, half plastic clay substance. 
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Description of Fig. 4. 


Stoneware glaze No. 1 a K,0l, Al,O, Sa. = oie 
0.7 CaO § tro 

Biscuit fired at cone 10, glaze at cone og. 

Horizontal hatching, good glazes, kaolin clay substance. 

Vertical hatching, good glazes, plastic clay substance. 

Dotted area, good glazes, half kaolin, half plastic clay substance. 
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Description of Fig. 5. 
0.1 KsO : 
Stoneware glaze No. 20.3 CaO ; 0.2 AL0,) 27 ie : 
0.6 PbO Baa ares 


Biscuit fired at cone 6, glaze at cone og. 

Horizontal hatching, good glazes, kaolin clay substance. 

Vertical hatching, good glazes, plastic clay substance. 

Dotted area, good glazes, half kaolin, half plastic clay substance. 
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Description of Fig. 6. 


O:1KEO 
Stoneware glaze No. 2 0.3 CaO 7 0.2 Al,O 
0.6 PbO 
Biscuit fired at cone 10, glaze at cone og. 
Horizontal hatching, good glazes, kaolin clay silane 
Vertical hatching, good glazes, plastic clay substance. 
Dotted area, good glazes, half kaolin, half plastic clay substance. 


42.1 SiO, 
$0.4 BO, 
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Description of Fig. 7. 
@.25 KO 
0.25 Na,O (2.4 SiO, 
Stoneware glaze No. 3 SeC10 O.I ee artes 
0.25 BaO 


Biscuit fired at cone 6, glaze at cone og. 

Horizontal hatching, good glazes, kaolin clay substance. 

Vertical hatching, good glazes, plastic clay substance. 

Dotted area, good glazes, half kaolin, half plastic clay substance. 
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Clay Substance /00 Feldspar 0 Quartz 100 
Description of Fig. 8. 
O.250 650 
0.25 Na,O (2.4 SiO, 
Stoneware glaze No. 3 SOG O.1 ae BO, 
0.25 BaO 


Biscuit fired at cone 10, glaze at cone og. 

Horizontal hatching, good glazes, kaolin clay substance. 
Vertical hatching, good glazes, plastic clay substance. 

Dotted area, good glaze, half kaolin, half plastic clay substance. 
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Description of Fig. 9. 


Limits of translucency. 

Results of cone 6 burn represented by dotted lines. 

Results of cone 10 burn represented by dot and dash line. 

Results of cone 16 burn represented by full line. 

All trials become more translucent as the feldspar is raised and clay 
substance diminished. The limits shown are those at which the first slight 
translucency appears and those at which the translucency becomes good. 
When the clay substance is half from kaolin and half from plastic clay sub- 
stance, the results are intermediate between those shown here. 
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Description of Fig. 1o. 


Limit of porosity (character of the fracture). 

Results of cone 6 burn represented by dotted lines. 

Results of cone 10 burn represented by dot and dash lines. 

Results of cone 16 burn represented by full line. 

All of the trials lose their earthy fracture and cease to be porous as the 
feldspar increases and the clay substance diminishes. The contour lines 
show where the porosity ceases. When the clay substance is half from 
kaolin and half from plastic clay, the results are intermediate between those 
shown here. 
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Description of Fig. 11. 


Per cent. of linear contraction. 
Bodies containing clay substance from kaolin, fired at cone og. 
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Description of Fig. 12. 


Per cent. of linear contraction. 
Bodies containing clay substance from kaolin, fired at cone 10. 
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Description of Fig. 13. 


Per cent. of linear contraction. 
Bodies containing clay substance from plastic clay, fired at cone og. 
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Description of Fig. 14. 


Per cent. of linear contraction. 
Bodies containing clay substance from plastic clay, fired at cone 10. 
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Earthenware glaze No. 1 (Figs. 3 and 4) behaves similarly 
to the two series. It still holds, however, upon the kaolin 
bodies if the biscuit burn of the ware was not too high. 

2. With the feldspathic bodies, the porcelain glaze 
and the earthenware glaze hold free from crazing so much 
the earlier, the higher the quartz content. They tend, 
however, to become crazed with a decreased quartz content. 
The earthenware glazes 2 and 3 (Figs. 5, 6, 7 and 8) show 
exactly the opposite relations, in that their ability to hold 
upon the new feldspathic bodies increases with increasing 
quartz content. With these again, the plastic clay acts 
more favorably upon the holding power of the glazes than 
the kaolin, and the lead glaze is earlier free from crazing 
than the leadless baryta glaze. 

3. li the quartz in the bodies is step by step replaced 
by feldspar, the porcelain glazes become able to hold on 
the kaolin bodies; this is much more apparent with the 
increase of quartz and feldspar content or with the decrease 
of clay substance content. Upon the clay bodies, both 
the glazes hold also, even with high content in clay sub- 
stance. Earthenware glaze No. 1 behaves similarly when 
the biscuit burn of the ware has not been too high. 

The lead-free barium glaze behaves altogether differ- 
ently. Upon the kaolin bodies it shows, on the whole, 
only small tendency to hold; only the bodies K 7 and K 11, 
indeed, show themselves free from defects in holding. On 
the other hand, it is able to hold on non-feldspathic clay 
bodies when the quartz content is large enough. 

4. With regard to the translucency (Fig. 9) and the 
character of the fracture (Fig. 10), it appears from the 
tables (here substituted by diagrams) that many a product 
will always give a porcelain with sufficiently high burning, 
while at lower firing it may be claimed only as earthenware. 
Translucency occurs with kaolin bodies much earlier than 
with clay bodies; in addition, they burn in the reducing 
flame throughout to a white color tone and, while in the 
oxidizing flame, to an ivory-like yellowish tone. 

In regard to the composition of the bodies, there is 
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established by this investigation that the feldspathic soit 
porcelains, upon raising the content of clay substance at 
the expense of the content of feldspar, go over to earthen- 
ware; also that earthenware high content in clay sub-. 
stance differs from the difficultly fusible porcelain only in 
that the latter are burnt at higher temperatures. Feld- 
spathic earthenware, poor in lime, rich in clay substance, 
forms, therefore, the intermediate stage between soft and 
hard porcelains. Through careful selection, either of a 
slightly plastic kaolin or of an exceedingly plastic clay, 
there can generally be found a product which (partly in 
consequence of the heat given) is so variable in its proper- 
ties. that it may be called either porcelain or earthenware. 
Its classification will be determined by its behavior to the 
specific glazes, according to whether the ware is vitreous 
or earthy and porous. 

For earthenware, porcelain glazes of stable quality 
can be produced which are especially suitable for house- 
hold utensils made from slightly-shrinking and heat-resist- 
ing bodies. The value of these wares is increased accord- 
ing to their resistance to acids, alkalies and fats, and this 
is attained by the burning on of a hard porcelain glaze, 
which is more resistant to their attack than is an easily 
fusible glaze. 

Moreover, by proving, on the other hand, that easily 
fusible glazes hold without crazing upon the most different 
bodies, even when they are burnt to the density and trans- 
lucency of porcelain (and therefore are to be taken as por- 
celain), there is considerably increased the ability to deco- 
rate porcelain wit hunderglaze designs and with colored 
glaze. Thus, for porcelain, which has the advantage of 
transparency over earthenware, there is gained the same ar- 
tistic range in regard to decorative painting. ; 


THE COMMERCIAL CLAYS OF UTAH. 
By A. F. GREAVES- WALKER. 


The state of Utah is remarkable from a clayworker’s 
standpoint, principally from the fact that it has so few 
clays of any commercial value. 

True, there is plenty of clay such as it is, as would be 
natural in a country where every valley has been a lake 
bed in recent geological times. But most of these old lake 
bed clays are of no value because they contain various and 
generally large quantities of the alkalies and alkaline 
earths. Sometimes these salts run so high that the mate- 
rial would be more valuable to a salt refiner than a clay- 
worker. However, the best of these lake bed clays, together 
with those which have been deposited at the mouths of the 
canyons very recently, are used to some extent for common, 
and in some cases for pressed brick manufacture. 

These clays are almost identical in composition with 
the glacial clays of the North and Northeast. They always 
contain a high percentage of lime, iron and alkali, the lime 
predominating and sometimes running as high as 30 per 
eent..Caco,. 

As is usually the case with this class of clays, the upper 
few tecu has peen weathered “to such an extent that-it 
burns to a red color. From this surface clay all of the 
red pressed brick made in the state are manufactured. It 
is of such poor quality, however, that the brick must be 
soft burned, and as a consequence the high alkali content 
Gauses, them to Scum as {soon as. they are placed in the 
wall. 

Beneath this surface clay the main body of yellow 
burning clayisfound. From this material all of the common 
wire cut and yellow pressed brick are made. 

Both kinds of clay produce very poor brick, but the 
scarcity or inaccessibility of anything better makes it nec- 
essary to use them. 

It might naturally be expected that with so many 
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mountain ranges traversing the state, slashed through and 
through as they are, by canyons that expose the stratifi- 
cation for thousands of feet vertically, many beds of clay 
would be exposed. With a few exceptions, however, this 
is not the case. 

Most of the high-grade clay beds of the state are located 
in the hills and mountains surrounding the Cedar Valley 
Desert, namely, the Oquirrh and Lake Ranges. 

Cedar Valley is located in Utah County, about 35 miles 
south of Salt Lake City and Great Salt Lake, and just west 
of, Utah Lake. “It.is shut off from the lake by the Lake 
Range. | 

The majority of the strata exposed in the mountains 
surrounding this valley is of Carboniferous age. The 
Carboniferous in Utah is not coal-bearing, being composed 
of deep water deposits. 

Fortunately the valley is traversed by a railroad, a 
branch of the San Pedro, Los Angeles and Salt Lake. This 
road runs as close as 600 yards to some of the beds, but as 
far “as 12 miles from-others. 


The clays of this section are all shipped to Salt Lake 
City, a distance of from 35 to 50 miles by rail, and with 
one exception are hauled to the railroad by wagon. 


For the reason that most of the better-grade clays 
are located in a desert country where water for manufac- 
turing, and in some cases even for drinking purposes, is 
not available, none of the factories using these are located 
at the beds. This also makes labor unavailable. Then, 
again, the principal market is Salt Lake City and the towns 
immediately surrounding it, and it is much cheaper to ship 
the raw material to the market than the finished product. 

As will be seen in the description of the various clays, 
even the best of them are rather poor when compared with 
the clays of the East, this being true especially with regard 
to the fire clays. However, the fact that they are the only 
ones available makes them high grade in that section. 
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UTAH FIRE CLAY COMPANY’S BED. 


The first bed to be opened in the Cedar Valley district 
was the one now owned by the Utah Fire Clay Co., of Salt 
Lake City. This bed was discovered about ten years ago 
and has been operated ever since. 

The property is located five miles west of Lehi, Utah 




















Platevl 
Utah Fire Clay Co’s. bed, showing face. 


County, in Township 5 South, Range 1 West, Salt Lake 
Meridian. 

The strata in this part of the valley belong in the Upper 
Carboniferous and the bed is tilted practically to the vertical. 

Description of Clay.—Three kinds of clay are found in 
the bed. A clay, which was evidently a fire clay, but 
stained by deposition of iron carried into it by water, forms 
about 75 per cent. of the deposit. _The balance is com- 
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posed of two kinds of No. 2 fire clay, both of compara- 
tively poor quality. All are shaley in, structure. 

The first-mentioned clay and practically all of the fire 
clay are mixed up together, the fire clay being that part 
of the clay in the bed that has escaped being stained. A 
thin vein of fire clay, from eighteen inches to two feet in 
width, is found just west of the hanging wall of the main 





Plates: 
Utah Fire Clay Co’s. bed, showing loading bins. 


bed, running parallel with it. The clay in this small vein 
is unstained and is known as a ‘‘crucible clay.’ The fire 
clay in the main vein is separated from stained clay by 
hand-picking. 

The stained or brown clay burns to a red color and 
reaches its greatest density between Cones 9 and 1o. It 
does not vitrify, the absorption never getting lower than 
2.5 per cent. of 2: percent. 


& 
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The fire clay from the main bed is gray in color. It 
burns to a good buff color and takes an excellent flash. 
The clay from the narrow vein burns to a pleasing cream- 
white. 

Dip, Length of Outcrop Thickness.—The bed dips 80° 
to the east. The outcrop can be traced for about two miles 
and runs northwest and southeast. The thickness of the 
bed varies. In some places it is at least 100 feet wide, in 
others not more than 30 feet. 

Walls.—The hanging wall is a heavy black limestone, 
from 30 to 50 feet thick. The foot wall is also a limestone. 

The mining is done by open cut. The working cut 
is located about 1 1/4 miles north of the railroad, and is 
connected to it by a switch. 


Analyses of Clays. 
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NoTe.—In all analyses, except where noted, alkalies are obtained by 
difference. 


No. 52. Average entire face. 

No. 53. Sample of stained clay. 

No. 54. Average sample fire clay. 

No. 55. Picked sample fire clay—shows maximum A1I,O, content. 
No. 56. Sample from thin vein—‘‘crucible clay.”’ 


Uses.—The stained or brown clay is used for making 
Sewer pipe, fire-proofing, and building brick. It makes a 
good grade of fire-proofing, a poor grade of pressed brick, on 
account of poor color, and a poor grade of sewer pipe. 
The sewer pipe trouble comes from the fact that it does not 
vitrify and consequently will not take a salt glaze. 


1 Alkalies determined. 
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The fire clay, No. 54 and 55, as will be seen, is rather 
poor for refractory purposes. When made up into brick it 
rarely. stands. better than ‘cone 26-and at becomes, very 
dense at low temperatures. 

It, however, makes a beautiful flashed brick. The 
color is equal to anything in the country in that line. 

The ‘‘crucible clay,’’ No: 56, while not very refractory, 
makes up into a good grade of assay wares. 


ROCKY MOUNTAIN FIRE CLAY COMPANY’S BED. 


This bed is located near,Cedar* Fort; Utah County, in 
Township 5 South, Range 2 and 3 West. It lies about 15 
miles west of the Utah Company’s beds. 





Plate. 
Rocky Mountains Fire Brick Co’s. bed, working cut. 


The deposit, which is a fire clay, is the largest and best 
in the state. It belongs in the Middle Carboniferous. 
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Like all of the other beds in this district, it is tilted. The 

working cut is located about 4 miles from the railroad. 
Description of Clays.—The clay is a plastic fire clay, 

gray in color and shaley in structure. Two varieties of 





Plate VI. 
Rocky Mountain Fire Brick Co’s. bed, view along vein. 


clay occur in the bed, one being somewhat harder than the 
other. Several iron-stained streaks, a few inches in width, 
run through the bed. Both kinds of clay work to a splen- 
did body, the softer making the closer of the two. 

Dip, Length of Outcrop Thickness.—The bed dips 70° 
to the west. The outcrop can be easily traced for a dis- 
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tance of 7 miles. The bed will average 20 feet in thick- 
ness. 

Walls.—The hanging wall is an extremely heavy bed 
of black limestone, averaging about 100 feet in thickness. 
The foot wall is a thin bed of irony sandstone. 

Mining is done by means of an open cut. 


Analyses of Clays. 
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No. 48. Average of working cut. 

No. 49. Average of working cut. 

No. 50. Average of face in cut 150 feet north of working cut. 

No. 51. Average of shaft 60 feet deep, '/, mile south of Working cut. 
No. 61. Picked sample of soft ‘“‘crucible clay.” 


Uses.—This clay is a fairly good refractory, in fact, 
the best among the Utah clays. Average samples melt 
above cone 30, and with careful selection, ware can be made 
that will stand cones 33 and 34. It retains a very open 
body at high temperatures. It takes a beautiful flash. 
Assay wares made from it are of the highest quality. 


WESTERN FIRE CLAY COMPANY’S BEDS. 


These deposits are located near Fairfield Station, 
Utah County, in Township 6 South, Range 3 Wes. They 
lie 5 miles south of the Rocky Mountain beds. 

Two separate beds are worked on this property. Both 
are very close to the railroad. 

These deposits belong in the Middle Carboniferous. 

Description of Clays in Bed No. 1.—The clays in this 
bed are very peculiar. Strata of vivid colors—yellow, 
purple, rose and white—lie one on the other, sometimes 


* Alkalies determined. 
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holding true and distinct throughout the length of the 
exposed face, sometimes merging and twisting into each 
other. The clay has a sandy feel, and breaks into blocky 





Plate: Vit. 


Western Fire Clay Co’s. bed, face of bed No.1. Cut 
is made through footwall to lower bench level. 


masses. Considerable of the bright coloring matter is of 
vegetable origin. 

Dip, Length of Outcrop, Thickness.—The bed has a 
dip of 15° to the north, and the outcrop can be traced for 
about 1200 feet. On account of the peculiar manner in 
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which the deposit lies, it is hard to determine its exact 
thickness, but it appears to be about 4o feet. 


Walls.— Both the hanging and foot walls are of lime- 
stone. Open cut methods are used in mining. 


Analysis of Clays, Bed No. 1.—Lower bench. 
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20" ae ; 61.7 | PM Bees 4.8 On7. 0.8 aye 7h) 
oN A Re : TAB 14.4 Pa Ou L2 pone EO. 
PAP ; 62.9 | 1770 6.0 4. Pag 2: 5 Sug 











No. 14. Average white clay. 

No. 15. Average yellow clay. 

No. 16. Average purple clay. 

No. 17. Average entire lower bench. 
No. 18. Average yellow clay. 

No. 19. Average rose clay. 

No. 20. Average purple clay. 

No. 21. Average white clay. 

No. 22. Average entire upper bench. 





Uses.—As will be seen, none of this clay is high grade, 
and some of it is useless. However, by discarding such 
parts of the bed as the rose, No. 19, and the upper bench 
yellow, No. 18, the balance is put to valuable use. It is 
very easy to separate the clays in this bed as they have 
such distinctive, bright colors. 


The white and purple clays are used as a bond for silica 
sand in making a clay-bond silica brick. These brick melt 
between cones 26 and 29, and work very well in many 
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places, especially where subjected to a continuous heat 
and moderate temperatures. 

This clay also makes a good grade of fire-proofing. It 
is most valuable however, in the manufacture of high- 
grade* pressed face brick. It produces an almost endless 
variety of splendid colors, running through white, cream, 





Plate VIII. 
Western Fire Clay Co’s. bed, upper bench of bed No. 1. 


yellow, brown, purple, red and pink. The material takes 
a good salt glaze, but has never been tested thoroughly for 
sewer pipe. 

Description of Clays in Bed No. 15.—This clay is a 
plastic fire clay of the usual gray to black color. The bed 
has several streaks of stained clay running through it. 
Its working qualities are good. 

Dip, Length of Outcrop, Width.—The bed dips 30° to 
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north. It outcrops along a southeast and northwest 
line for a distance of 1 3/4 miles. It varies in width from 


2°toso.feet, the averagce being 512 feet 





Plate IX. 
Western Fire Clay Co’s. bed, opening on bed No. 15. 


Walls.—The foot wall is a soft limy clay. The hang- 
ing wall in contact with the clay is a red quartz stratum 
about one foot thick, above which is a bed of limestone. 

On account of its dip and narrowness, this bed is worked 
by means of a tunnel, and the clay “‘stoped’”’ from above. 
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Analyses of Clays, Bed No. 15. 






































No. SiO2 Al203 Fe203 CaO | MgO Alk, (Diff.) Loss 
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No. 1. Upper 3!/, feet at working opening. 

No. 2. . Lower, 2 feet—under No.. 1. 

No. 7. Red and yellow stained clay—streaks 1’—3” running through 
bed. 

No. 8. 3/, mile east of where Nos. 1 and 2 taken—average. 

No. 9.—200 yards east of No. 8—average. 

No. 12. 50 feet west of Nos. 1 and 2—average surface sample. 

No. 13. 50 feet west of No. 12—average surface sample. 

No. 24. 700 feet west of Nos. 1 and 2—10-foot hole-average—bed 
faulted between this point and No. 1 and is 75 feet lower on hillside. 


Uses.—The above analyses do not show the true quality 
of this bed. Most of the samples are from the surface, as 
very little development work had been done at the time they 
were taken. They are therefore, naturally high in fluxes. 

This clay makes a fair grade of fire brick for that sec- 
tion and also a buff face brick. . 

The difficulty encountered in mining this clay makes it 
expensive and therefore prevents its use to any great 


extent. . 
ANDERSON CLAY BED. 


This bed is located about two miles northwest of Fair- 
field Station at the mouth of Clay Canyon, in Township 6 
South, shane 4. West: 

This deposit belongs in the Middle Carboniferous. 

The bed has been opened alongside the right of way of 
thesoalt: Lake-&. Mercur.R..R. 





* Alkalies determined. 
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Description of Clay.—The clay is a good grade of plas- 
tic fire clay. It is gray in color, with here and there the 
usual iron-stained streaks running through it. 

Dip, Length of Outcrop, Thickness.—It dips 60° to the 
north. The length of the outcrop and the thickness of 
the bed was not accurately determined. The outcrop is at 
least 1000 feet long and the thickness of the bed or series 
of beds is at least 30 feet. 

Walls.—The walls were not found as the examination 
was made after a heavy snowfall. The indications are that 
they are limestone. 

paralysis of Clay. 








| 
Bi omtarnceee | 59.8 | 29.6 | £26 | 0.4 ace aes 0.9 | Fi8 
No. 57. Sample taken from surface near R. R. ee 
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Uses.—This clay makes a good buff or flashed face 
brick and a fairly good dry pressed fire brick. The clay 
near the surface becomes dense at a low temperature, but 
this may not be the case when a greater depth is reached. 


CEDAR VALLEY CHINA CLAYS. 


This immense bed of white clay is owned, almost en- 
tirely, by the American China Clay Co. -It covers an-area- of 
several square miles on the east side of Cedar Valley in the 
Lake Range, in Township 8 South, Range 2 West. 

Nothing more than development work has been done 
on these clays. Their distance from a railroad has been 
very detrimental to them, the nearest loading station being 
12 miles away, over a desert. 

The formation probably belongs in the Upper Carbon- 
iferous, although the writer is not positive of this. ; 

Description of Clays.—The clay is a high-grade china 
clay. Several colors occur in the bed—white, gray, red and 
yellow, the white, by far, predominating. The colored 
clays are useless, but as they occur in separate strata, the 
good and bad clays are easily kept separate. 
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The working properties of the clays are good. They 
are very plastic, so much so that they would be used in a 
white body to replace the ball clay. They are very fine- 
grained, passing through the finest lawns. In the bank, the 
clays have a chalky appearance and break up into blocky 
masses. 

Dip, Length of Outcrop, Thickness.—The dip is 20° 
to’ the south: The deposit is’ cut in a large number .of 
places by canyons and washes and can be traced for a num- 
ber of miles in this way. 

Hestiicknecs: Cait oly De estimated. -Hrom 18°to 20 
fect Om white clay, capped with) 3°1/3:feetjof red, appears-at 
Ulemlaneesleaopeliile con. twee bed iit has been, variously 
estimated that the bed is from 50 to 200 feet thick. 

Walls.—Only the hanging wall can be seen. It is a 
stratum of sandstone about 1o feet thick. The mining can 
DemcoinicGs On 10 the ipresent iby .the open cut, method. 
The overburden is generally heavy. 


Analyses of Clays. 
































No. SiO2g | AlsO; FesO3 CaO MgoO_ |AIk.(Diff.)| Loss 
Bais tay: 47.5 39.2 On 0.6 0.5 ie 12:35 
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No. 32. White clay—best—average. 

No. 33. Red clay above white. 

No. 34. Gray clay from surface, taken two miles from where No. 32 
was taken. 

No. 58. Sample of best white clay after free silica had been washed out. 





Uses.—The white clay burns to a beautiful clear white. 
Its shrinkage is great—z2o per cent. at cone 13. As will be 
seen, it has practically the composition of kaolinite, when 
washed, and is very pure in the unwashed state. 





1 Aikalies determined. 
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Carloads of this clay have been shipped to different 
parts of the country to be tested and it has in each case 
proved to be valuable. The writer has seen several sam- 
ples of porcelain, produced in an experimental way, which 
were excellent, in which this clay formed the entire clay 
ingredient. 

The red clay, which occurs between the hanging wall and 
the white clay, is useless. It burns to an undesirable red color 
and has as great a shrinkage as the white. 


FIVE-MILE PASS CLAY BEDS. 


Just south of Cedar Valley is Rush Valley. At the 
northern end of this valley is located the Five-Mile Pass 
bed. This bed lies about 5 miles southwest of Fairfield 
Station, partly in Utah and partly in Tooele Counties, 
in Township 7 South, Range 3 West. The railroad cuts 
the outcrop. 

Unlike the other beds described, this one outcrops in 
the valley bottom, and the clay is mined through an inclined 
CTL. 

The formation belongs in the Middle Carboniferous. 
It is tilted as usual. 

Description of Clay.—The clay is a sandy, plastic 
fire clay, of the usual color except for a band of stained 
clay about three feet wide which runs through most of the 
bed about two feet under the hanging wall. 

Dip, Length of Outcrop, Thickness.—The bed dips 20° 
to the southwest. The outcrop can be easily traced for 
three quarters of a mile, the overburden being thin over 
that distance. 

It was impossible to measure the thickness of this bed, 
as the foot wall could not be found. The development 
work done, however, shows that it is at least 25 feet 
thick. 

Walls.—The hanging wall is a heavy black limestone 
that makes a good roof. The foot wall does not show. 
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Analyses of Clays. 
































No. SiO, Al,O3 FesO3 CaO MgO Alk. (Diff. ) Loss 
2 Sacks sth : 6263 BAe KO 0.4 0.6 1.6 9.7 
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No. 25. Bottom of entry, near floor—z2oo feet from surface. 
No. 27. Half way up inclined entry—average of face. 

No. 28. One-third distance from mouth—average of face. 
No. 31. Average of stained clay. 


Uses.—This clay makes a very desirable face brick in 
a number of buff shades. The iron it contains is in nodu- 
lar form and makes a pretty iron spot. 

It burns to such a dense body at low temperatures 
that it is useless for refractory purposes. 


SILVER CITY CLAY BEDS. 


These beds are located about nine miles west of Silver 
City, Juab County, in Township 11 South, Range 4 West. 
They are located in a country that is practically all por- 
phyry, belonging in the Tertiary. The clay beds are prob- 
ably the result of the decomposition of the porphyries. 

They are located at a considerable distance from a 
railroad, about 12 miles by road, and have practically been 
abandoned since the discovery: of the Cedar Valley clays. 
This clay was, however, the first, other than the surface 
clays, to be used in the state. 

Description of Clays.—The clays have a blocky struc- 
ture. They are white, light green and light yellow in 
color. They are very fine-grained and very plastic. 

One of its peculiarities is: that it has absolutely no 
shrinkage even at high kiln Moe itenian ce The body 
remains very open and punky. Bh a 

Dip, Length of Outcrop, Thickness. —There is no dip to 
the beds. It is a blanket formation, apparently the fill- 
ing of small ponds in very recent geological times. The 
deposit is large in area and apparently quite thick. 
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Analyses of Clays. 
































No. SiOz AlgO: FeoOz CaO MgO Alk ( Diff.} Loss 
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No. 45. Sample of white from opening from which clay was first mined. 
No. 46. Sample of white from last opening used. 
No. 47. .Sample of green clay. 


Uses.—This clay was used for the manufacture of 
refractories, but was not a great success. 

It might prove useful in a white ware body, especially 
as it has no shrinkage and burns to a pure white. 


EMIGRATION CANYON CLAY BEDS. 


Several beds of shale outcrop in this canyon. The 
principal bed is located about 1 3/4 miles from the canyon 





Plate x 
Emigration Canyon bed, slope in foreground is all shale. 
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mouth and about 6 miles fromthe center of Salt Lake 
City, im Salt Lake County. An electric railway system 
runs through the canyon. 

The geological age of this clay was not determined. 





Plate XII. 


Emigration Canyon bed. Mountain in background practically all shale. 


Description of Clay.—The principal bed, and the one 
here described, is a hard gray shale. It is fine-grained, 
but so hard that it requires a good pugging to make it work- 
able. It, however, becomes very plastic. 

Being very high in lime, it does not burn to a dense 
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body, but at temperatures between cones 1 and 4 it becomes 
very hard: and gives a good ring. It has a good burning 
range and can safely be taken up to cone 7 before showing 
the first signs of fusion. It produces a brick of an excel- 
lent cream-white color. It has no shrinkage up to cone 4. 

Dip, Length of Outcrop, Thickness.—The bed dips 60° 
to the northwest. It is an immense body of shale about 
2000 feet thick, and can be traced several miles northward 
from the canyon bottom. 

Walls.—The hanging wall is a ies limestone and the 
foot wall a red clayey sandstone. 


Analysis of Clay. 
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No. 59. Average sample. 








Uses.—This clay makes a brick of a very desirable 
color. It is very light in weight, a brick of common build- 
ing size weighing about 3 1/2 pounds. 


OGDEN SEWER PIPE AND CLAY COMPANY’S BED. 


This bed, which contains the best red burning, vitri- 
fying clay yet discovered in the state, is located at the 
head of Owen Canyon, a branch of Echo Canyon, in Summit 
County. It lies about 35 miles east of Ogden. 

The bed is located at the top of the mountains and is 
difficult of access, but for years the clay from it has been 
hauled a distance of 5 miles, to the railroad, by wagon. It is 
shipped to Ogden. 

Description of Clay.—The clay is red and white in color 
and has a very sandy feel. It is easily worked up and 
becomes very plastic. When burned, it has an excellent 
cherry-red color and vitrifies to a body that cannot be 
excelled: It takes a good salt glaze very easily. 

Dip, Length of Outcrop, Thickness.—It dips 12° to 
the west. The outcrop cannot be traced more than a few 
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hundred feet, and it is probable that the bed is heavily 
covered except at the mountain top where it is opened. 

A 40-foot face is exposed, but it is probably much 
thicker. The overburden prevents any accurate measure- 
ments. 

Walls.—It was impossible to determine the kind of 
walls, either top or bottom. 


Analysis of Clay. 
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COtiiainer ? | 64.6 16.0 | O23 | 
No. 60. Average sample of face. 





Uses.—This clay makes excellent sewer pipe. The 
body is of good color, is dense and takes a good glaze. 
Some trouble is experienced in making pipe from 18 inches 
upwards. The clay is not strong enough to carry the weight 
of the large-sized pipe after the ‘“‘former’”’ has been removed. 
Care must also be taken in the burning, as the vitrification 
range is not great. 


OTHER CLAY BEDS. 


The above covers all of the clay beds in the state that 
have proved themselves of value to the clayworkers. Many 
other beds have been reported in nearly every portion of the 
State, but as yet their value to the clay industry has not 
been investigated. Many of them can never be of value 
for many reasons, chiefly their geographical location. As 
would naturally be supposed, fire clays are found under 
the great coal beds of Carbon, Emery and Summit Counties. - 
Many of these have been tested by the writer, among them 
some good-looking flint fire clays, but none of them have 
shown up very well. In the writer’s estimation, a thorough 
examination would reveal some good clays in these coal 
fields. 

Immense bodies of shale have been reported in the 
southeastern counties, San Juan, Grand, Kane, Garfield 
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and Wayne, but as the greater part of this country will 
always remain an untouched wilderness, they are not very 
likely to become of value. White clays of doubtful value 
are found in Millard, Sevier, Piute and Beaver Counties. 

Large shale beds, that will undoubtedly prove valuable, 
have recently been developed between Tooele and Milton 
in Tooele County. The clay looks very much like that of 
the Utah Fire Clay Co., some of it being brown and some 
gray. 

Bedsof clay will be opened trom, time to time; buttor 
a long time to come the number of useful ones is bound 
to be limited. 

Note,—Analyses used in this paper were made by Prof. W. 
C. Ebaugh, University of Utah; R. H. Officer & Co., chemists; 
and by the writer. 

The writer is grateful to Mr. L. L. Nunn for allowing the 
use of some of the analyses and of information obtained while in 
his employ. 


NOTES ON CHROME-ALUMINA COLORS. 
By A. So. Warts, Columbus; O. 


Professor Marquardt, of the Versuchs Anstalt to the 
Royal Porcelain Works, has several specimens of chrome- 
alumina colors which by daylight, however, are nearer a 
purple than a pink. This being rather a unique phenom- 
enon, I undertook a study of the composition of these 
with an idea of their possible use as underglaze colors. 
The study as made was divided into three series: 


Series I.—Aluminium hydroxide and chromic oxide 
ground together and calcined. 


Series IJ.—Aluminium hydroxide, chromic oxide and 
boracic acid ground together and calcined. 


Series III.—Aluminium sulphate and potassium bichro- 
mate dissolved together in hydrochloric acid’ and precipi- 
tated together by ammonium hydroxide in the presence 
of alcohol.' 

SERIES I. 


Series I was a study of the effect of variation in per- 
centage quantities of Al(OH),, starting with the following 
mixture as Member 1, and gradually increasing the pro- 
portion of Al(OH), in each succeeding member. 


eMi bel. TW nea co det Mare Shae JAl(OH), 73-81% 
1CLO; 26.19 
One set of mixtures of this series was calcined at 
cone 18 in a gas furnace, and another at cone 22 in an 
electric furnace. 
The first pink colored powder obtained in this series 
was of the following composition: 


Raw Calcined 
Al(OH), 93.48 ! Al,O;, 90.53% 
Cr,0; 6.52 SrOs? horas 


1 The precipitate was sky-blue in color, probably being a chromous rather than a 
chromic hydroxide. 
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Calcined at cone 18 this stain is a pinkish gray powder 
and at cone 22 it is a purplish gray powder. 


SERIES II. 


Starting with the following as Member 1 of this series, 


Al(OH), 70.83% 
CEOs 13.5 
He BOs. ono 7 


the succeeding members were made with increasing propor- 
tions of AI(OH),, obtaining, finally, a pink stain of the 
following composition: 


Raw Calcined 
Al(OH), 85.42% ALO? 83.62% 
CrOz 6.25 Cro: 9.34 
FEB, $233 BO; TsOn 


Calcined at cone 18 in the gas furnace this stain is a pink- 
ish gray powder and at cone 22 in the electric furnace it 
is purplish grey. 

SERIES III. 


This series was started with a powder of the follow- 
ing composition: 


ALO, ch! 331.0 eck. Ree eer Cees 75.18% 
Cr O83 HW eens.) tasers thle eee 24.82 


By adding Al(OH),, and calcining at cones 18 and 22 as 
before, the following pink powder was finally obtained. 


Raw Calcined 
Al(OH), 84.2 Al,O, 82.26% 
Cr(OH), 15.8 Cre 17. 074 


Calcined at cone 18 this stain is pinkish gray, and at 
S. K. ®eov1tas lavender ara y. 


Testing of the Stains.—These three pink stains were 
tried under the following glazes: © 
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Clie OS LONG PATO. 5.0 Sid, 
0.7 CaO \ 
0.5 K,O ( 


Glaze B: 
0.5 CaO if 


One LO, 7.0 iO; 


(eo) 


WaKO 


] 
| 
Glaze C: .4 CaO en Al,O, g.0 SiO, 
] 
| 


(e) 


.3 BaO 


(e) 


eo) 


73 GO 
.4 CaO Fae Al,O, 9.0 SiO, 
.3 ZnO | 


Glaze D: 


eae 


(o) 


aekO) | 
.4 CaO }o.9 Al,O, g.0 SiO, 
.3 MgO 


Glaze E: 


lee) 


All the glazes were fired at cone 14 in a small trial kiln. 

Results.—The results of the glaze trials indicated that 
the powders calcined at cone 18 were much more pink 
than those calcined at cone 22. 

The stain from Series II seemed to give the best color, 
with that from Series I as a close second, while the one 
from Series III gave a very pale color indeed. 

Attempts to improve the color of Series I by increas- 
ing the aluminium oxide content proved futile. 

Effect of B,O,.—Replacing a portion of the Al,O, with 
B,O,, a pink stain was obtained which had the following 
composition: 


Raw Calcined 
Al(OH), 89.06% Al,O; 87.64% 
Cr, 4.69 CEO. 7206 
H,BO, 6.25 Oran head 


Effect of ZnO.—By replacing the B,O, with ZnO, a 
fine pink color of the following composition was obtained: 


Raw Calcined 
Al(OH), 86.93% Al,O, 81.30% 
Cr,O, 6.10 CEO ns 70 


ZnO 6.97 ZnO 10.00 
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Further increase of ZnO developed a delicate peach blow 
pink color with no trace of purple. This stain’ had the 
following composition: 


Raw Calcined 
Al(OH), 81.26% Al,O; 73.925 %o 
Cr,O, she) Cr,0; 7.935 
ZnO 13.04 ZnO 18514 


Effect of ZnO and B,O, Together.— When ZnO and 
B,O, were used in the same stain, the effect of ZnO was 
noticeably weakened by the presence of. B,Os. 

TiO, Versus B,0O,.—TiO, was substituted for B,O,, 
obtaining in the following a peculiar purplish brown, 
quite similar to the manganese-brown in raw lead glazes. 


Raw Calcined 
Al(OH), 86.93% _ ALO: -817307% 
Cr@: 6.10 Cr,0,°°- 8-70 
AiO: 6.97 TIGL 210700 


Practical Possibilities of These Stains.—All the above 
stains were ground with equal parts kaolin and put on 
porcelain biscuit as underglaze colors under the above- 
mentioned glazes, there being no apparent injury to color 
in any, case, Attempts. to use, these. colors sunder.gcort 
white ware glazes, however, have failed, and there may 
be other difficulties to be overcome in adjusting them to 
low temperature use, “but tor firings at cone; 12.10.16 they 
appear to be thoroughly practical. 


DISCUSSION. 


Mr. Stover: Probably the trouble in your experiments 
with Mr. Mayer was in the soft glaze, rather than in the 
soft fire. I have proven that the difficulty in producing a 
chrome-tin stain at high heats was with the ingredients 
in the glaze, rather than the high fire. With the proper 
glaze, cones 11 and 12 could be reached without detrimental 
effect ometiercolor 
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Mr. Burt: Did you get any development of pink 
under 18? 

Mr. Watts: I got a tendency toward pink at cone 16, 
but at less than 18 there was no satisfactory pink-gray 
powder. It had a flat, pale (silver or lavender) tint. 

Mr. Stover: Did you calcine your powder under oxid- 
izing conditions? 

Mr. Watis: Yes. 

Mr. Stover: You did not try them under reducing 
conditions? 

Mr. Watts: I gota bright chrome-green under reducing 
conditions. 


NOTES ON ROOFING TILES AND THEIR MANUFACTURE. 
By CHARLES StToup, Chicago Heights, Ill. 


Probably no other roofing material is superior to clay 
tiles, and although this is generally conceded, they are not 
used in America as extensively as one could expect from 
the largeness and the prosperity of this country. Euro- 
peans have manufactured clay tiles for hundreds of years 
and to-day they find a much more extensive use abroad 
than here, both in actual amounts and in proportion to 
the number of buildings erected. 

Clay roofing tiles may be classified from several view 
points and perhaps a complete or exhaustive classification 
would of necessity include all of these as follows: 


Vitrified | 

peas Interlocking h 
Wome Non-interlocking § Panu 
Glazed J 


Vitrified tiles are easy sellers, 7. e., they commend them- 
selves to the purchaser because if impervious to water they 
would not place the roof structure periodically in excessive 
strain as the porous tiles would possibly do when saturated. 
As a matter of fact these sort of arguments are unfounded. 
Water from rains or melting snow will not drain through 
the most porous of tiles and the water which would be soaked 
up by porous tile, even in our most prolonged wet seasons, 
would’ not -be*sufficient: to ‘saturate: the tile... After othe 
exterior surface of a porous tile becomes saturated, most 
of the water which falls on to it would run right off of the 
roof. On the other hand, steam and moisture from the 
interior of buildings will collect on clay tile (they being 
cool on account of their low specific heat) and, if the tile 
are porous, this moisture will be absorbed and eventually 
evaporated through the outside surface, while if the tile 
are vitrified, the sweat will accumulate and finally drip 
from the interior surface of the roof. It would not be diffi- 
cult to prove that there is no advantage to the purchaser 
in vitrified tile. 
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“When itis considered’ that* to: vitrify a‘ tile ‘requires 
more fuel and entails a heavier loss due to warping, etc., 
it is easy to see that vitrification of the tile would of necessity 
make them more expensive and this too without making 
them better roofing material. 

The primary reason for glazing clay roofing tiles is to 
produce colors that can not be obtained from natural 
clays. It adds cast and gives an impervious surface to the 
tile; hence they command a larger price. 

To prevent overlapping of the tile, thus cutting down 
the weight of a roof, the tiles are very often made so as to 
interlock. Along by one edge of the interlocking tile is 
a tongue and along the other there is a groove just as in 
tongue and grooved lumber, with the exception that this 
tongue and groove in place of being on the side or edge, 
the tongue is on the under side and the groove on the upper 
side ois tire.tile?.~ | Khe flat shingle tile” are-laid exactly as 
are the wooden shingles; they do not interlock. 

There have been a great many patents issued cover- 
ing special shapes for roofing tiles, in fact such patents 
have been sold outright or exchanged for considerable 
stock. But notwithstanding all of this, the bulk of the 
trade is now and always will be restricted to the few stand- 
ard shapes. “There is no particular value in these other 
special shapes other than what the patentee may receive 
for his patent. According to the standard shapes, tiles 
may be sub-divided into: 


(a) Corrugated flat tiles. 
(6) Flat shingle tiles. 
(c) S or Spanish tiles. 


The number of tile of each of these groups required to 
cover a square are as follows: 


(a) Corrugated: fate ie, Osan abe Certs 135 to 125 
Cope blab sitittelenene Sat accuse tee Se. 400 
(6) CX FOLISPADIShy erik ee ceotres, Sie wil ke kes 160 to 180 


The color of tiles is usually either red or green. The 
red is either the natural color to which the clay burns, or 
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to which the clays burn which are used as slips. The green 
is produced in matt glazes by copper. | 

The most desired color for tile is the deep rich red, 
but the trade asks for nearly all the shades and colors pro- 
duced by terra cotta manufacturers. For browns, the roofing 
tile manufacturer resorts to iron ore and manganese. 

The clays used in the manufacture of roofing tile should 
be such as will flow well-in the die, not only of the auger 
machine, but in the presses. They should also burn to a 
good red color and with little warping. It is to be pre- 
ferred that the clay should have a considerable heat range 
over which it holds its color and shape. Unfortunately, 
however, most factories are not now using the clays which 
are best suited for manufacture into roofing tiles. 

Because of the intricate shapes in some, and very thin 
section in all instances, the clay should be so handled as to 
develop its best working properties. To this end we find 
that many of the shales must be weathered. The object 
of weathering of course is to obtain disintegration, but if 
in case the clay should contain compounds which would 
be rendered soluble by weathering, and thus cause scumming, 
the manufacturer would perhaps have to forego the bene- 
fits of weathering. 

Since the clay in most every deposit so varies in char- 
acter, as. to,.cause differences.in shrinkage, color, etc... itmic 
important that an ample stock shed be provided in which 
the clays from the different. strata: can be. thoroughly 
blended. 

As easy flow under pressure without structural defects 
is probably as important, if not more so, in the roofing tile 
manufacture as in any other clay industry, the ratio be- 
tween weight of the dry pan mullers and screen plates 
Should be such as to give the maximum grinding effect. 
Fine grinding of the clay is important. In fact the clay 
should be so ground as to pass a 20-mesh stationary woven 
wire screen pitched to 45° angle. 

In the case of loose clays which are apt to be more 
or less wet, rolls have been used, but since the rolls wear 
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so rapidly, this method of granulation is rather expen- 
sive. For such clays, a hammer or rotary disintegrator 
is the most serviceable. 

In some cases I have found that the clay should be so 
preheated as to drive out all of the mechanical water. 
In this way we not only obtain easier granulation but 
better drying behavior. 

After the clay is ground and rendered plastic by pug- 
ging, roofing tile manufacturers have found benefits in 
storing the clay in soak pits for a while before using, and 
especially is this true when manufacturing the interlocking 
tiles on a press. This not only produces an easier work- 
ing clay for presses but it gives opportunity to again homo- 
PenizestHemnixuuLe: 

For the making of plain tile on an auger machine, the 
clay should be stiff, but for the clay clots from which more 
complicated shapes are pressed, the clay should be as 
plastic as possible and still not give difficulty in the hand- 
ling. This is a very important thing to watch for the men 
much prefer the clay as stiff as possible. 

The difficulty in working the clay stiff on a press is the 
fact that the laminations, produced in the clot bar by the 
auger machine, and the crevices, produced in the pressing, 
make the tile susceptible to disintegration by frost. 

If the shape is such as can be produced on an auger 
machine, the tiles will be run out and cut off much the same 
as are stiff mud bricks. If the shapes are complicated, as 
in case of the interlocking tile, they must be made on a 
power press. For this, clay is caused to issue in a soft 
state in the form of a bar from an auger machine and cut 
into appropriate lengths, producing what is known as 
clots. 

For a capacity of 40 square per day, I advise the use 
of a hexagon press because they have greater capacity and 
produce just as good results as the single die presses. Since 
perfect surfaces at the least expense are most desirable, a 
close study of the metal best suited for the die of these 
presses is important. For some purposes and with some 
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clays the plaster dies are more valuable than the metal 
dies, and for the metal dies some clays require that special 
steel or cast irons be used. This, however, is a problem 
that requires special attention for each clay. 

Roofing tiles are dried in exactly the same manner as 
are bricks. 

For burning vitrified tiles they use pigeon holes formed 
by fire clay slabs. The slabs are usually about 16” x12” x 
De eats 

If warping is likely, as is generally the case in the 
Spanish tiles which are shaped like the letter 5, they are 
set nested on ribbons of soft clay and are bound at the 
top surface by a similar ribbon of soft clay. 

For the burning of porous tile, they use much the same 
sort of setting as in brick, the tile being always set on end. 
In a row of about 14 feet between the bag walls we usually 
put in two headers, setting the tiles scantling on top of one 
another to prevent the upper courses from telescoping 
into those below. 

Nearly all types of kilns are used for burning roofing 
tile but I prefer the rectangular down draft. They should 
not be more than 14 feet between bag walls and not higher 
than g feet. The fire boxes should be 6 1/2 to 7 feet between 
eenters. 

Of course a continuous kiln is to be preferred, but these 
would require a daily capacity of 6000 tile regularly the 
year around in order to obtain the full benefits from their 
use. One auger machine on the Spanish tile or one press 
would keep a continuous kiln supplied with tile for burn- 
ing. 

In closing I wish to draw attention to a very valuable 
treatise on roofing tile by Worcester and Orton, which 
was recently published by the Ohio Geological Survey. 


THE CONSTRUCTION OF A CENTER-STACK DOWN- 
DRAUGHT KILN. 


By E. T. MontcomeEry, Urbana, Ill. 
Introduction. 


In this paper no attempt will be made to compare 
types of construction. It will be merely a description of 
the construction, and a discussion of the merits, of a very 
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satisfactory and successful center-stack down-draught kiln 
which the writer has used in practice and which he can 
commend to your use for stoneware, enameled brick, elec- 
trical porcelain, floor and wall tile, white ware or in fact 
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any kind of clay product that can be economically burned 
in a round kiln and where the position of the stack in the 
center of the kiln will not seriously interfere with a car 
system of unloading if that system be used. 

I trust that some of the advantages of construction, 
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the efficiency, and the economy of fuel consumption of this 
kiln, will appeal to you and increase in the industry the use 
of a kiln that, as far as my experience and observation goes, 
has ‘‘made good’’ wherever adopted, and which I believe, 
with the application of the continuous principle which we 
will discuss later, will be, at least until we are ready to 
adopt the continuous or tunnel kiln of Europe, the kiln of 
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the future in its particular field; and that field I am fully 
convinced, will overlap the present day up-draught potters 
kiln now used in practically all of our white ware plants. 
Another reason for this paper in the form in which 
it is given is that it is high time we were getting into our 
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ceramic literature some exact designs of kilns with measure- 
ments and dimensions that can be used in the construc- 
tion of kilns elsewhere, or in discussion of improvements. 
It is only in this way that we will ever be able to efficiently 
compare our kilns and eradicate some of the doubtful con- 
struction that is sometimes used through just this lack of 
efficient means of comparing notes. 
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Inside Discussion.—The kiln I will describe is 18 feet 
inside diameter, by 13 feet to the spring of the crown and 
has a center stack 3 feet 9 inches in diameter (outside). 
The rise of crown is 2 feet 2 inches. 

Foundation.—The foundation is of concrete and about 
12 inches thick on hard, well tiled soil. It is carried out 
under each ash pit as well as under the kiln proper. This 
foundation insures a solid, level and dry kiln bottom. 

Flue System.—The flue system is best shown by the 
drawing which almost explains itself. There are 17 hori- 
zontal parallel flues 7 1/2 inches wide by 19 inches deep to 
the concrete foundation. The system of arches through 
the flue walls are arranged in a Fig. 8, together with 3 
other rows of arches at right angles to the flues. This 
design has given excellent results in connection with a 
properly proportioned checker floor over the flue system. 
In this checker floor the openings should increase in num- 
ber or size from the stack out to the wall. You will note 
that: the line of the direction*of the flues is at an anele-to 
the line from the center of the: door ttotiheccenter occ 
stack. This. was “done so (that: the covered, flue sto. the 
stack would not conflict with the fireboxes. This flue 
could be put under the flue system, in which case the line 
of door, stack, and firebox No. 5 could be made parallel with 
the flue walls. The flue walls are 4 1/2 inches wide and are 
12 “inches center, to center so sthat.tuey takers cuecker 
floor brick of 5” x 12” face. There are 8 arched openings 
into the bottom of the stack and they should be made deep 
enough so that their total area is equal to the area of the 
stack. The covered flue has a damper outside of the kiln, 
and is used to cool the center of the kiln during the later 
part of the burn and drive the heat to the outside if nec- 
essary. It can also be used as a damper as the draught 
through the kiln is lessened when this flue is opened and 
allowed to draw cold air direct from the kiln room. 

Fireboxes.—The fireboxes are 9 in number and equally 
spaced about the hob except at the door, where a little 
extra space is required to get the door in. This extra 
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distance from center to center of the fireboxes on each side 
of the door should, for obvious reasons, be made as small 
as possible. With the one exception, the distance from 
center to center of fireboxes on the outside wall is 8 feet 
3 inches. ‘The drawing shows the section through the hob, 
firebox, ash pit and bag. The bag walls extend down 
to the concrete foundation and the grate bars are 4 feet 
5 inches long, reaching to the back of the bag and resting 
on a cross bar set to receive them. The long bars have the 
advantage of keeping the mouths free from clinker and 
they also make the mouths easier to clean after the bars 
are dropped, there being no place for the ash and clinker 
to lodge, as in the case of the short pats iiced with a bag 
extending only to the kiln floor. Cutting out the clinker 
on the floor at the bottom of a short bag is very difficult 
to accomplish and also very’ hard on the kiln. Of course, 
with a long bag reaching to the foundation, we lose the 
value of a flue under the bag, but with a good large opening 
between each bag in the checker floor, I have experienced 
no difficulty with cold spots at these points. 

Thickness of Walls.—The walls are 3 feet 6 1/2 inches 
thick through the hob and are 18 1/2 inches thick above 
the hob. The kiln is lined with one course of fire brick 
tied by headers to the red brick wall. All firebrick in the 
walls and stack are laid in fireclay mortar, soaked in water 
before placing and laid with very close joints. The out- 
side walls are laid up in cement mortar and with close 
joints also. ‘ 

Crown.—The crown of a kiln should always be the are 
of a circle and in an 18-foot kiln the rise should be about 
2 feet 6 inches... -A\<crown, shouldvalways)be laids withaa 
radial sweep or gauge, and the best one to use is one so con- 
structed that the brick are laid against its end, the gauge 
being moved around the crown as each course is laid and 
keyed in. Photograph No. 1 shows this method very 
nicely. Here the brick mason is working from below as the 
crown is a lining under a crown already in position. Photo- 
graph No. 2 shows the correct way to use such a gauge, 
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two men working from the top. One man and his helper 
can lay, by this method, 3000 brick in a crown in 8 hours 
and at the same time lay a perfect and solid crown. The 
construction of such a sweep or gauge has been described 
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before so I will only repeat here, for the sake of complete- 
ness, the method of figuring the length of the gauge. 
Let A = the desired rise of crown, B = the inside diameter 
of the kiln, and X = the length of the sweep. To find X 
in the triangle of which X is the hypothenuse we have: 
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b? 
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bd 

X 
to 
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8ax = -4a? + b? 


4a’ b? 
NaS oe nee 
8a 8a 
a b? 
Kee eh 
2 8a 


or in words—-the length of the sweep is equal to half of the 
desired rise of the crown plus the quantity equal to the 
diameter of the kiln squared, divided by eight times the 
desired = rise: 


Stack.—The stack is double-walled with an air space 
between. The inside stack is 24 inches in diameter inside 
and the outer-one is 36 inches in diameter inside. The 
stack extends about 15 feét above the crown, and termi 
nates in a stack damper. 


Cooling Vents.—For the purpose of more rapid cooling 
the kiln is provided with two crown plugs, as shown in the 
drawing, which can be removed, thus connecting the vents 
by pipes to an exhaust fan which draws out the hot air 
from the top of the cooling kiln. 


Banding.—As the drawing shows, the kiln is well 
banded both horizontally and vertically. Vertical banding 
is most essential to keep the horizontal bands from cutting 
into the kiln, and to prevent lateral shifting due to expan- 
sion and contraction. The top horizontal band should, of 
course, lap the top.course of brick: 


Center versus Outside Stack.—This about covers the 
details of construction, and before making a summary I 
wish to say that I am not advocating primarily the center 
stack versus the outside stack, but I chiefly desire to call 
your attention to this type of kiln, whether the stack be 
nside or outside. For many purposes I prefer the center 
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stack and in other cases we could find just as good reasons 
for an outside stack serving two kilns. 

This type of kiln, however, with a center stack, is a 
compact, self-contained unit; its floor is on a level with the 
kiln shed floor which makes it an easy kiln to place; a 
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careful regulation of the floor openings will give perfect 
distribution of heat from the outside ring to the center; 
and given careful firing and sufficient time, it will give even 
heat from top to bottom. The stack heats up rapidly, 
giving a good draught almost at once after starting the 
fires. It also forms a support for the ware or the bungs, 
and is of considerable advantage in many cases, especially 
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at high temperatures such as those used in the porcelain 
industry. It is adapted to the waste heat drying system 
by the use of the crown plugs shown and an exhaust fan 
to drive the hot air into the drier. 

- Fuel Consumption.—It is economical in the use of fuel 
and could be made more so by the application of a continu- 
ous system of firing. The kiln described burned an aver- 
age of 125 bungs of porcelain to cone 11 down, 12 started, 
in 36 to 40 hours, using an average of 9 tons of good bitumi- 
nous coal. 

Continuous System.—The center stack also lends itself 
to the application of the continuous principle much better 
than the same kiln with an outside stack could do. An 
idea of such a system is given in the following sketch: 
After kiln No. 1 is started through its own stack, the damper 
is closed and it is forced to draw through No. 2 and its 
stack, the hot gases from No. 1 being introduced at the 
bags in No. 2, possibly through a hollow bag wall or, better, 
through the kiln walls by means of flues and into the bags 
above the fire. The gases would be too hot to introduce 
under the grates. When No. 1 is finished and the fires 
are started on No. 2, it would in turn discharge its heat into 
No. 3 and so on around the circle, thus saving a great deal 
of the heat carried out in the waste gases where each kiln 
is fired separately. 

In iclosing,. 1. wish.ito say that, I..trust. this: paper 
may serve the good purpose of bringing into our ‘‘Trade 
Journals’ and into the ‘Transactions’ of our ceramic 
societies and associations, the exact descriptions of many 
other types of kilns of good construction and of proven 
worth, which are in daily usé in the many different branches 
of the industry. 


EXPERIMENTS ON FRITTED ENAMEL GLAZES AT 
CONE 1-3. 


By FREDERICK RHEAD, St. Louis, Mo. 


These experiments were based on a chrome-tin-pink 
fritt, the formula of which had been given me by Mr. Mor- 
ton, of the Mosaic Tile Co., Zanesville, O. His formula 
was: 


White: leadtt: 2.00 Ge cals aes ee ean 5750 
Feldspat ¢ ist cisui. Sigs Deere get be a 89.0 
Whiting, 2 Sn Soke eet oat emt” ee ee 65.0 
BOL X47 sins 9 Re a eee 12.0 
PUN Cfocoy bk o tee ee 7250 
Boracte acid 20% 5) at see ett ee epee 51.0 
Oxide Of Ciny 340). RE ae A ae eee eee 270 
Carbonate of sodat? 53) 4G. Heegt eke 2.0 
Oxide ‘of chrome). e752) syn ee cee 0.25 


When melting as a drop fritt in a Caulkins fritt kiln, 
it was a green glass and quite fluid. 

I ground the fritts until they readily passed an 80-mesh 
sieve, then added gum of tragacanth, and applied them with 
a brush. 

When fired in a Caulkins muffle kiln at cone 1 down, 
the red was lighter than the original sample given to me 
by Mr. Morton and had cloud-like white segregations 
throughout, resembling somewhat some of the English 
majolica glaze effect. 

I also tried this same base fritt without the chromium, 
but using other oxides fritted in as follows: 
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: 
s 
s 
Material aL Selo 2 
SielSie 
sie /e\s P 
Z/Olm/Ol/S/LIVIR| SIS leja/Bl R/S F]e 
Oxia caromittina: 7. .°..5 3% 4 IO | | | | 
Potassium bichromate....| | 4 aie lacs 
Soctitni 1tha tes nciatss box | 2| 2| 2| 2 2| 2| | ail ayll All “SINS 2| All DS 
itl OREN See tear ih nein gees | IO|IO IO|1O | | IO 
Black oxide copper....... | | 6 2 | 4| 3} 2| x1 2 
Black oxide cobalt....... fegeee ea Gahan 4 4 Gua ta 
Yellow uranium.......... [as | Oil | 
JapanesedRedsy <4, Uden. s|eo4 ese 10 | 
Black oxide manganese... .| | ayes 6 | 








In the following glazes the stain was added to the 


ground fritt: 
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Ou tao iat rm 
Glaze Ate tictce etek 100] IO0O IOoO 
Uranium nitrate 5| 5 
Glaze oOuL +s... | 100 100 
Nickel nitrate. . | ind oi eae 
Cobalt nitrate. . | 5 


Silver nitrate... 
Copper sulphate 
Oxide of chrome 
Chrome alumina 
Ferric chloride. | 











| 
| 
ny 





Japanese red.. .| 






































We obtained colors and freak effects with these glazes 


that were superb. 


As glazes for majolica art ware, they 


give promise of being not only unique in effect but such as 


would find favor. 


METHODS EMPLOYED IN CONNECTION WITH THE REDUC- 
TION, MILLING AND SHIPMENT OF QUARTZ, FLINT 
ROCK OR SILICA SAND. 


By Harry F. Speir, Lewistown, Pa. 
INTRODUCTION. 


Quartz is the general term for crystalline silica whether 
it be sand or boulder. Flint applies strictly only to amor- 
phous, +7: e., non-crystalline form of silica. Flint has a 
dull surface and is frequently of rounded form. Both 
may be pure silica. 

Many of the smaller and nearly spherical flints imported 
from France or Denmark are found in the chalky deposits 
along the coast and are used as balls in tube mills. Their 
consumption in this connection is very large in the cement 
industry, and, after being calcined and ground, are used in 
the pottery and kindred trades. These flints, which are - 
usually gray to nearly black in their natural condition, 
become perfectly white after burning, and are easily 
fractured. 

The amount of pulverized rock flint, or quartz, consumed 
in this country in 1908 was, approximately, 20,000 tons, as 
against almost three times as much pulverized silica sand 
consumed during the same period. Each year shows a 
decrease in the proportional amount of pulverized flint 
consumed, pulverized silica sand being used instead. The 
sand has been found to give satisfactory results, and can be 
manufactured and sold at a much lower cost. 


METHODS OF REDUCTION. 


There are two methods of pulverizing the potter’s 
“flint,” one known as the wet process, which was the 
original method, the second the dry process, which is 
less expensive and now more generally practiced. In the 
wet process, the quartz boulders are usually burned in 
kilns and then fractured. The first crushing is either through 
yaw crushers or in chaser mills. After reducing the mate- 
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rial to about what would pass through a No. 8 mesh screen, 
it is ground in wet pans. These so-called pans are usually 
made of cypress wood, being 10 1/2 feet in diameter and 
oer) 2-leet high, dach has’a’ pavement of flat‘faced’ quartz 
about 12 inches thick.’ There’ are four revolving. arms 
attached to a central upright shaft making about 9 R. P. M. 
The runners or grinders are heavy quartz boulders, measur- 
ing approximately 15 inches square. ‘Two or three of these 
boulders are placed in front of each of the revolving arms. 
The crushed quartz, after being placed in these pans together 
with a quantity of water, is pulverized between the revolv- 
ing boulders and the pavement. 

In order to reduce the material to the required fine- 
ness (approximately 120 mesh) usually about 24 hours of 
continuous grinding is necessary. The amount of mate- 
rial ground varies with the size of the pan, but is usually 
about 1200 to 1500 pounds per charge. 

mreerethe required. grinding, the contents of -the-wet 
pans, which become rather a pastelike mass of pulverized 
quartz and water, are passed over a wire screen into a series 
of settling troughs. That which accumulates in the first 
trough, being the coarsest, is usually returned for further 
' grinding. The length of time the material is permitted to 
remain in these troughs depends upon its fineness and the 
time required for the pulverized material to settle. Where 
a number of troughs are installed, several different degrees 
of fineness are obtained, the accumulation in the first 
trough being the coarsest and in the last trough the finest, 
with sometimes one or more different grades between, 
each grade being kept separate during the balance of the 
process. 

After the water is drawn off (the flint having settled 
to the bottom of the troughs), it is shoveled out and spread 
upon drying floors, or is placed on top of long low kilns 
heated by burning logs, or it is put into small pans which 
are placed tier on tier on heated racks constructed of 
steam pipe. 

After the material is dried, it is sometimes bolted 
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through revolving wheels covered with brass cloth of such 
mesh as will insure the required degree of fineness, and then 
packed into bags or barrels for shipment, or else shipped 
in bulk, according to trade requirements. 

In some few instances, the product is thoroughly dry 
when shipped, but usually it contains about to per cent. of 
moisture. 

Dry grinding is far less expensive. If used at all, the 
method of burning and crushing the flint is identical with 
that employed in the wet system. The dry process is 
either intermittent, having small pebble mills, usually 6 
by 8 feet; or continuous (which is the most modern), using 
tube mills, or cylinders, usually 6 feet in diameter, 24 feet 
long. These mills, constructed of either iron or steel, 
in either system, are usually lined with either porcelain 
blocks or Belgium silica stone, the former being manu- 
factured, the latter being quarried in Belgium and imported. 
The silica stone has been found to be less expensive, to 
posses a much longer life, and also to be better suited for 
this purpose. 

The Intermittent Process.— Where the small intermittent 
pebble mill of the size mentioned is employed, it is usually 
customary to carry approximately 1 1/4 tons of flint pebbles 
and 1 ton of silica sand, or finely crushed quartz, in each mill. 
After these mills are so charged, they are permitted to re- 
volve, usually for a period of from 6 to 8 hours, depending 
upon the fineness required, the rolling action of the flint 
pebbles reducing the sand or finely crushed quartz to a 
powder. The solid man-head, or door, is then removed 
and replaced by a perforated man-head. The mill is then 
permitted to revolve ‘for a short period, the ‘pulverized 
material passing through the perforated door and the 
flint pebbles being retained. 

There is some objection to this method, because it 
permits small pieces of flint pebbles and other impurities to 
be discharged with the pulverized product, which receives no 
further screening, being generally discharged into large 
bins where it is dampened with water and loaded into 
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wagons for local delivery or else loaded into box cars for 
Shipment. Usually one man superintends the operation of 
five pebble mills of this character, whose duty it is to test a 
sample of the product of each mill for fineness before it is 
discharged. There is some question as to whether material 
of this character can be satisfactorily ground by this method, 
because either flint or sand will vary in its degree of hard- 
ness, hence six hours’ grinding with this process may produce 
a certain result one day, and entirely different result the next 
day. 

After these ‘closed mills’ are’ put into operation, the 
miller, or man in charge, has absolutely no control over the 
grinding which is taking place within. He cannot (while 
the mills are in operation) cause them to grind finer, except 
by keeping them in operation for a longer period. He does 
not know what result is being obtained until the mill is 
stopped and its contents examined. The flour miller, 
with his old’ Buhr stone system, or more modern steel 
rolls, always sees what his mills are producing, as is also 
the case with the continuous feed and discharge system to 
be described, and in these instances the grinding can be 
easily regulated and controlled. This is a very important 
feature. 

The Continuous Process.—The continuous method of 
milling is, in my judgment, far superior to the intermittent 
method. It has been adopted by the cement industry 
without exception. I will describe this method as it is 
employed at the plants with which I am connected. 

The sand is mined close to the works, thoroughly dis- 
integrated and cleansed by washing. It is then thoroughly 
dried and screened through revolving screens to eliminate 
amy @pieces.= Of | sticks “or {oreign “matter which may 
have been mixed with it. It is then conveyed to the pul- 
verizing department, where it is fed automatically into 
the continuous tube mills. 

These tube mills are lined with Belgium blocks and 
each mill carries approximately 10 tons of the flint peb- 
bles as grinders, and 5 tons of the thoroughly washed and 
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dried silica sand. The coarse sand is continually flowing 
into the feed end, the finished product being discharged 
at the other end, passing through a perforated plate which 
prevents the pebbles from leaving the cylinder. It is then 
passed through a revolving screen to eliminate any foreign 
matter. The quantity produced per minute and the fine- 
ness of the product depend upon the quantity fed. 

These mills are operated in series, that is, two of these 
large tube mills are employed, one being known as the 
‘breaker’? and the other as the ‘‘finisher.’”’ The coarse 
sand enters the breaker mill and is pulverized to about an 
80o-mesh, then discharged into the finishing mill which 
reduces it to the required fineness. By employing this 
method, it has been found that uniformity of grinding is 
invariably obtained. 

By feeding the sand to the mills more rapidly, a coarser 
grade is produced, and vice versa. | 

The material being discharged is tested every half 
hour to insure proper grinding. 

The grinding of about 35 tons of sand will, by this 
method, consume about 100 pounds of flint pebbles. Addi- 
tional pebbles are frequently added to replace those which 
have been reduced to a powder, it being necessary that 
these pebbles be kept to a certain height in the tube mills 
to insure the best results. 

Each mill has its individual motor drive to prevent 
variation in speed during operations. 

When the finished product is to be shipped in bulk, it 
is loaded into box cars automatically. In fact, for bulk 
shipments, after entering the pulverizing department no 
human hand comes into contact with it, except to test the 
material periodically as before described. The automatic 
feeding device permits the miller to know the quantity of 
material he is producing per minute and by this method 
he regulates the loading of cars to the required tonnage. 

When shipped in bags, the material is discharged from 
the mills, passed through the revolving screen directly 
into bags underneath which are platform scales. The 
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arrangement permits of two bags always being in place. 
The scales are set for 102 pounds. When a bag has the 
required weight and is being tied and removed, the sec- 
ond bag is being filled and a new bag replaces the first one, 
and so on. The mills are so arranged that, if occasion 
requires, either mill of a series can be operated as breaker or 


finisher. 
DISCUSSION. 


Mr.2W aits. sl ain inclined to..believe. that calcining 
of flint has a marked influence on the action of that flint in 
the body in which it is used. To what extent that action 
may be important, I cannot say; but we do know that the 
difficulties that arise from flint that is unfired do not arise 
from flint that is fired. 


I believe that the gradations in the flint, and the amount 
of very fine material as related to the amount of coarser 
material, have an important bearing on the working prop- 
erties of flint or the success with which it is used in a body. 
I do not believe that any one will contradict me when I say 
that the wet-ground flint from England produces results 
that you cannot get from the dry-ground American flint. — 
No one claims that dry-ground flint is a superior product, and 
none of the latter can be ground by any reasonable pro- 
cess to the degree of fineness that can be obtained by the 
wet-grinding process. 


Mr. Sper: A number of years ago before undertak- 
ing to pulverize sand, I came into Trenton and spoke to a 
number of prominent potters. They all said that pulver- 
ized sand could not be used for pottery ware, but that they 
must have rock flint for that purpose. To-day 4/5 of the 
so-called pulverized flint used in this country is pulverized 
silica sand, dry-ground. That shows that the potter has 
adapted himself to this material, because it was evidently 
to, hisinterest to, do so. Recently, one of the ioremost 
potters in this country has come to us unsolicited and asked 
us to send him one hundred pounds of pulverized silica sand, 
because he thought, from some previous small experiments, 
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he could use our material, and he considered it to his 
advantage to do so. 

Mr. Watts: A certain gradation of flint must exist 
in order that the flint shall do its proper work. When we 
talk of one hundred-, of one hundred and twenty-, or one 
hundred and fifty-mesh flint, that is not the whole story; 
the proportions of the one thousand-mesh, the two thousand-, 
the five thousand-, and perhaps the ten thousand-mesh 
flint are equally impottant As graded size: ol =stone 70g 
gravel produce the best concrete, so graded size of ground 
flint produces the best pottery. The German potter con- 
siders that very fine-ground flint is extremely important. 
Incidentally, he does not use so much flint as some Amer- 
ican potters, in proportion to the amount of clay. 

Mr. Stover: Have you ever seen one of these continu- 
ous tube mills tried with a wet process? | 

Mr. Speir: These mills are used in that manner in 
the West, in the gold ‘districts: and* they) can pulverize 
more material in a given length of time than is produced 
by the dry process. Only forty-four horse-power is con- 
sumed by one continuous cylinder, size 24 feet by 6 feet, 
in the wet process, as against 86 horse-power with the same 
character of- mill operating on the “dry “process->) Wile 
you grind more material and save considerable power 
(which is’ a very serious item ain this “biusimess), yet “the 
feature of handling the material after it has been ground, and 
the drying of ity necessitates stich’ a severe. expenditure sa. 
to make it unadvisable for us to use the wet process. The 
potter will-not pay the price proportionate to the cost) of 
producing wet-ground flint. He says that the dry-ground 
material is satisfactory and he does not want to pay any 
MMOFEMOL tt. 

Mr. Stover: You made one statement about getting one 
grade of fineness one day, and another grade the next, 
Now what the potter wants is to get what he orders con- 
tinually and without variations. In some work that I 
was carrying on, we got a certain series of results one time, 
and another series at another. We thought that we had 
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the same material both times, but we had not. It was not 
from your mill. I attributed this result to some of the 
ground material, and had it separated into coarse, medium, 
and fine. I then started again, with a certain amount of 
each. After this, I was able to duplicate my results. If 
we had different proportions each time, there would be 
difficulty. 

Mr. Speir: Yes, the wet system will grind flint more 
uniformly than will the dry; and when the potter guaran- 
tees to us that he will make it to our interest to adopt 
such a system in a separate mill for his purposes, we will 
do it. 

Mr. Binns; There are two points that mainly press 
upon us. One is the question of wet versus dry grinding 
and the other is the possible_result in the nature of grading 
the sizes of flint. I believe, personally, that the wet- 
grinding process, particularly in the drag-mill, is more 
effective in giving us that packing of sizes to which Mr. 
Watts has alluded; and I am rather firmly convinced that 
this is what we need. 

Mr. Speir quoted a remark to the effect that if flint is 
too fine, it will cause cracking; and that if it is too coarse, 
it will cause crazing. That remark occurred in a paper 
read by Mr. Ashley, last year, I think, and it was criticized 
by some of the members. It is perfectly true that a too 
fine flint will cause ware to crack, because it makes the 
clay so dense that water cannot escape on drying. A good 
many persons have been deceived by this phenomenon. 
Of course, fine flint makes finer ware; and, from the point 
of view of those making fine china, you cannot have the 
flint too fine. On the other hand, from the manufacturer’s 
point of view, when you make wares at great speed, you 
reach the margin of safety beyond which the clay will 
crack in the mould as it dries. 

Mr. Ashley also made the statement that the coarser 
the flint was, the stronger would be the ware. That is 
true; but the coarser the flint, the worse the pottery is 
apt to craze when burned. The two things have to be 
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compromised. The true condition in which our materials 
should be is that illustrated by Mr. Watts. They should 
pack together. We should have a definite proportion of 
flint of different fineness, so that one kind of grain may 
fit into the interstices left by others. 

The next question arising is: ‘“Does the wet process 
or the dry process produce this condition in the best way?” 
Here we have the view that neither the one nor the other 
does, but that the method of grinding the flint is responsible. 
All the modern works that I can see, however, are in favor 
of the older method; and I am inclined to think that the 
grade of flint produced by the old-fashioned drag-mill is the 
best grade for the potter’s purpose. 

Mr. Sper: Have you ever tested the pulverized 
material produced in a ball-mill as compared with that 
produced in the drag-mill? 

Mr. Binns: Yes, I think that I am familiar with the 
material in every condition. I have made a number of 
experiments, and have followed the progress of. the ball- 
mill very carefully. I have not known of the use of con- 
tinuous tube-mill for grinding of flint until to-day. I am 
glad that it has been applied to this purpose, but I am not 
prepared to admit that it is superior, except in cleanliness. 
I do not think that the grade of flint produced by it is more 
suitable than is other material: I believe that it is too 
uniform, and that is not what the potter wants. I hope 
that one of those who are practiced in the more delicate 
manipulation of materials and have more facilities at their 
disposal, than I have, will plot for us an ideal curve that 
will give a certain proportion of flint of different grades 
fitting together mathematically. I think that it is possible 
to do this, and should like to see it done. Then, I think, 
we can reach a more definite conclusion regarding the 
matter. 

Mr. Sper: J do not know whether you are aware of 
the fact that wet-ground flint can be obtained in this coun- 
try, but that there is less and less of it being bought by the 
potters, because of its price. Wet-ground flint may make 
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better ware, but it apparently does not make it sufficiently 
better to offset the difference in its cost as compared with 
the cost of dry-ground flint. All your theory notwithstand- 
ing, what the manufacturing potter actually does in this 
matter is to make a practical test for ‘‘The . proof 
ofthese pudding) is.in the.teating..’.. The. potter. has 
used wet-ground flint, and is now using the dry-ground. 
Why? It may not aid him in producing a better piece of 
ware, but it is evidently to his interest to use it, otherwise 
why is he doing so, and why is the demand for dry-ground 
Silica sand increasing? The price is.a very important con- 
sideration when making ware commercially. 


THE CHEMICAL AND PHYSICAL PROCESSES INVOLVED IN 
THE FORMATION OF RESIDUAL CLAY. 


By -H... 0. BUCKMAN, Ithaca Ny, Y: 


A study of the processes of residual clay formation 
necessarily involves a discussion of the work of weathering 
agents. The intensity and period of action of these agents, 
whether physical or chemical, determine the degree to which 
a rock is disintegrated or decomposed. To rightly under- 
stand the physical and chemical characteristics of clays 
and, indirectly, their consequent utility, a clear compre- 
hension of the steps by which they were formed is of con- 
siderable importance. 

Clay is a product of rock destrucion by weathering 
agents. These agencies are grouped under two general 
heads, mechanical and chemical. To clearly and quickly 
explain the character of the forces at work in their logical 
relationships, the following outline is given: 


General Weathering. 


I. Mechanical Changes or Disintegration. 
A. Erosion and Denudation. 
Water, Ice and Wind. 
B. Temperature. 
Frost, Heat and Cold. 
C. Plants and Animals. 
II. Chemical Changes or Decomposition. 
A. Oxidation. 
B. Hydration. 
C. Solution. 
Water, Pure or Acidulated. 
D. Deoxidation. 


Pure clay or kaolinite is a hydrous aluminium silicate 
and results primarily from the decomposition of feldspars. 
These minerals, under processes of weathering, lose more 
or less completely their soluble constituents, the alkalies, 
alkaline earths and iron. This leaves behind a residue of 
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alumina and silica whose purity depends on the charac- 
ter of the weathering, and the composition and texture 
ofthe: parent)’ rock: Obviously, then}’ the: process of 
disinvtesration® “iss “a factors in this’) discussion’? only. 
so far as it aids in disrupting the rock and facilitates 
the chemical changes. Of the mechanical agencies already 
enumerated, water is of primary importance. Its presence 
in the rock interstices makes frost a force capable of splitting 
the strongest stones. Extreme changes of temperature, 
whether in a dry or moist climate, exert untold power in 
splitting, exfoliating and chipping rock surfaces. Wind, 
armed with sand, becomes an eroding force in dry arid 
lands but as a general rule its effect is but slight. Plants 
and animals,- while of small importance perhaps in the 
actual processes of fining rock materials, are of inestimable 
importance in the formation of a fertile soil. 

Interested as we are in the more closely related pro- 
cesses of clay formation, we may pass by the mechanical 
side of rock decay with these few observations and take 
up, more vin, detail the chemical: aspects “of the ‘subject. 
However, we must not forget, as pointed out above, that 
disintegration opens a pathway for decomposition, since 
the fining of rock, by mechanical forces, presents a greater 
surface to chemical attack. Moreover, the forces of dis- 
integration vary so greatly with the texture, composition 
and position of rocks, and also with the climate, altitude 
and vegetation, that a detailed discussion of each would 
be necessary to completely cover the field. 

It is important to state, however, that disintegration 
continues to occur with more or less intensity long after 
the rock mass has been reduced to a fine state. In fact, 
disintegration and decomposition work together so closely 
that it is impossible to separate their actions even after 
the weathering material is in a state to permit of fairly 
rapid chemical decay. 

Chemical Decomposition of Rocks.—The processes of 
rock decomposition are grouped under four heads, oxida- 
tion, hydration, solution and deoxidation. Each group 
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represents a single operation but becomes more and more 
complex as the end products are approached. The dis- 
solving out of minerals as a rock decays is in itself a com- 
plicated problem but with this there is always oxidation, 
hydration and, usually, disintegration. It is seldom that 
one force acts alone and where the rock is exposed, they all 
operate in the tearing down of the existing aggregate and the 
building up of more stable compounds. Indeed, the 
complexity of the phenomena of weathering is such that 
exact rules will not apply. 

; Decomposition of rocks, in general terms, means an 
assumption of water, oxidation of iron and a loss of soluble 
bases in the form of carbonates or bicarbonates. Under 
such conditions, then, a chemical analysis must be in- 
terpretated with caution. Especially is this true in ascer- 
taining the probable composition of the original rock. In 
a study of the origin of clays, the chemical components 
present. in. the: parent.srock..must. first. be. considered; 24 
proper solution of the question lies in working from the 
rock-type to the clay-type. 

Moreover, the decomposition of rocks can be understood 
only by a knowledge of the composition of its constituent 
minerals. If this can be carried one step farther and the 
chemical decay of the minerals studied separately, the 
changes which occur in the rock can be forecast with con- 
siderable certainty. The minerals, each having different 
textures, crystalline structures, physical properties and 
chemical composition, determine the stability of the rock. 
The problem then is to obtain the relative resistance of 
each mineral and apply this factor to our study of the rock. 
Such data can be used to explain the chemical changes 
shown by the analyses of fresh rocks and their residual 
clays. 

Solubility of Minerals.—Considerable work has been 
done on the comparative solubility of minerals although 
in most cases it is quite inconclusive. This is because it 
is sometimes difficult to duplicate natural conditions 
experimentally. The mineral must be powdered extremely 
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fine in order to make action rapid enough for observation 
and reduce conditions to a point where the results can be 
considered as comparable. The best investigations have 
been carried out with feldspars, probably because this 
mineral is so common and of such importance as a con- 
stituent of many rocks and as a clay builder. 


Among the first to do work along this line were W. B. 
and R. EH. Rogers (1192), of England, who, as early as 
1848, established the fact that pure as well as carbonated 
water acted upon rocks. However, they carried the in- 
vestigation no farther. Headen (63a) was able to obtain 
some interesting data upon the solubilities of feldspar by 
placing the powdered mineral in a gallon aspirator and 
treating it with distilled water in four eight-hour periods. 
The rock was agitated by a current of carbonated air. 
When thirty-five gallons of solution were obtained, the 
water was evaporated and the residue analyzed. 


In a second experiment, the powdered rock was merely 
allowed to stand for 22 days in water saturated with carbon 
dioxid, the mixture being subjected to frequent shakings. 
When the bottle was opened, air was passed through the 
water and the soluble iron precipitated. The residues 
were analyzed as in the first experiment. The following 
table gives the composition of I, the fresh feldspar; II, 
_ the residue from the first experiment; and, III, the residue 
from the second experiment. 

















| I II Taek 
SiQh woh tase nceen | 65.76 40.72 | 14.235 
DOSE aio ivcs Cia vgcbeuan 19.29 2670 Eval 
| xs 8 fos a ae eee | trace Ongt | O41 
CAO re Sti ae 231 10.24 | 23-41 
IMO REN Waa) wane) | 0.02 On 7 | I.19 
TOM cei eas Piva ey S | II.59 10.97 | U2 
INAS) 3 Gay ns > eg eres | le i 5.24 6.49 





1 {he numbers in parenthesis refer to the papers listed in the bibliography at the end 
of this paper. 
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The precipitation of the iron was unfortunate because 
no data could be obtained regarding its solubility as ferrous 
oxide. This is important as the tron in the ferrous state 
is quite soluble and has much to do in the breaking down. 
of rocks. However, it quickly changes to the ferric iron, 
and is one of the least lost elements when subjected to 
the action of water. In the ferrous state it is one of the 
most unstable oxides, while as the ferric oxide it rivals 
alumina in its small loss in chemical decomposition. 

From the above analyses the following ratio of per 
cents.’ can be calculated, showing the relative solubility 
of the constituents. 

















1st residue 2nd residue 
BILOBA Ads eptee pegae 0.139 0.057 
SIO, Hos. enact eee 0.619 0.218 
ISO athe scene aie te 0.952 0.990 
Na,O 1.926 2.380 
CaQ) ? rai Sina Caaf aek ay BE R03 7.550 
MeO. triste come meas eae 38.500 59.500 





One especially noticeable feature ‘is the increased. 
solubility of the sodium, calcium and magnesium when. 
exposed to the action of carbonated water. Again, these 
figures show the low solubility of alumina and silica, and the . 
higher relative solubility of potash, sodium and calcium. 
As any one of these is many times more soluble than the 
alumina and silica, their resistance must mark the general 
resistance of the feldspars to solution. This being the case, 
the feldspars, in regard to their solubility, would be arranged. 
with the potash feldspar as the least soluble followed by 
the soda, soda-lime, lime-soda and lime feldspars, respect-. 
ively. 

In 1877, Mitiller (101a), submitted certain minerals to: 
carbonated water in order to determine their order of 





1 This ratio is obtained by dividing the percentage of any constituent in the residue- 
by its percentage in the fresh rock. 
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solubility. He found that they stood as follows: orthoclase, 
oligoclase, serpentine, hornblende, apatite and_ olivine. 
Expressed in percentage loss of each constituent, his findings 
were as follows: | 


Adulatians.69 SiO. -OuTs 5 Al,O, 0.137 K Oe 1.353 

Oligoclase.. Al,O 0.171 BIOS 0.237 Na,O 1.367 K,Ov37 213 
Hornblende SiO, 0.491 FeO 4.829 K,O 8.528 

Allgite Si-iaci = HeQsi0%942 

Magnetite.. FeO 2.428 

Apatite.... CaO 1.696 P,Om arr 

Apatite.;. 4. CaO. 2.168 PO 74 3822 

Apatite.... CaO 1.946 P5072. 420 

Olivine ess) 29105406373 MgO 1.291 FeO 8.733 


Alexander Johnstone (77a, -b;-c) also treated certain 
powdered minerals, for a year, with carbonated water, 
with the following results: 

1. With feldspars, orthoclase was most resistant 
and labradorite least. 

2. Hornblende and augite were acted on more rapidly 
than were even the most soluble feldspars. 

3. Biotite lost MgO and FeO in the treatment. 

4. Muscovite was the most resistant of minerals 
tested. 

5. Olivine was but slightly attacked by carbonated 
water. 

This confirms Miiller’s work except in the case of 
olivine. Just why Johnstone made this finding on a mineral 
so readily soluble is difficult to explain. 

However, Cushman (28c), in a careful work upon 
rock-powders, found that with wet grinding a colloidal 
substance was formed about the particles. This material, 
consisting of siliceous matter and aluminium silicates, 
had the power of absorbing salts in different amounts 
under different conditions. Weighed portions of the rock 
were treated and digested with various electrolytes (NH,Cl, 
BaCiyvand AL(S©,);). “Bases: were absorbed quickly, the 
amounts varying with the time of digestion. In rock 
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residues, then, the potash, as well as other salts, may be 
held by the colloidal material and but little set free. 


This investigation throws some doubt, not upon the 
reliability of the work already done, but upon the inter- 
pretation: of ‘the “results: However, Clarke "3)) varter 2 
careful summary of the literature on rock solubility, in- 
cluding Cushman’s work in wet grinding, seems inclined 
to receive the work of Miller and Johnstone as indicative 
of the true condition. He makes a broader classification 
of the minerals in the order of their least solubility. 




















Primary Secondary 
Quartz Corundum 
Muscovite Zircon 
Biotite Magnetite 
Orthoclase Apatite 
Plagioclase Pyrite 
Pyroxene 
Amphibole 
Olivine | 


Clarke (23a), using phenolphthalein as an indicator, 
came to the same general conclusion although the methods 
used were not calculated to give specific results. He 
found that muscovite was more resistant than biotite 
and that orthoclase was less soluble than plagioclase. 
Van Hise’ considers that we should expect the heavy 
alkaline minerals to decompose first, then the alkaline 
earth minerals, followed by the ferro-magnesium and, 
lastly, by the aluminates. This would imply a classifi- 
cation of nepheline, leucite, olivine, pyroxene, amphibole, 
feldspar, biotite and muscovite. He also states that of 
all the chemical constituents, aluminum oxide is the most 
resistant to solution. 


Merrill,? in his résumé on rock weathering, states 


1 Treatise on Metamorphism, U. S. Geol. Surv., Mono. XLVII, p. 518. 
2 Rocks, Rock Weathering and Soils, p. 220, New York, 1906. 
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that free quartz is barely soluble at all but that most of 
the silica found in solution comes from the breaking down 
of the silicates. This is, in general, quite true, although 
Hayes (62a, 6) in an investigation of the conglomerates 
of Virginia and Tennessee found that humic acids had the 
power to corrode and dissolve quartz pebbles to a marked 
extent. Sorby’ also makes a record of similar observations 
in England. Of the silicates, those containing the prot- 
oxides of iron with magnesium or calcium are most readily 
decomposed. This means, then, that the silicates of 
aluminum are less liable to decay than those carrying 
iron or calcium. Becker (7a), in his report on rock decay 
in the Comstock Lode of Nevada, notes the same phenomena, 
namely, that feldspars were more resistant than augite 
and hornblende. Dana’ found that olivine in basalts 
gave away long before the augite in the same rock, while 
Roth? observes that potash was always conserved to a 
larger degree than soda. Merrill* also found that musco- 
vite was invariably bright and intact when the biotite was 
in an advanced stage of decomposition. He further states 
that potash feldspars decompose less readily than those 
carrying soda or lime. 


Daubree: (330), in: an excellent investigation. with 
orthoclase, determined the per cent. of K,O soluble in water. 
Five kilograms of the powdered mineral, after 192 hours of 
agitation in a cylinder with water, showed 12.6 grams of 
K,O extracted. With carbonated water, 2 kilograms of ortho- 
clase, after 10 days’ agitation, yielded 0.75 gram of free 
silica and 0.27 gram of K,O. 


Hoffmann (70a), in 1882, allowed water to percolate 
through powdered mineral for two months and measured 
the loss in weight. He obtained the following results: 





1 Proc. Geol. Soc., London, 1879. 

2 Report Wilkes’s Exploring Expedition, Geology, p. 578. 
3 Allegemeine u. Chem. Geol., 3rd edit., 2nd Heft. 

4 Rocks, Rock Weathering and Soils, p. 220. 
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Vesuvianiteyd 6 arian sae eae ee 0.064 
Hhidote, scutes he eenes Ae Pree Bree i 0.052 
VIDE 7 Ses cvus erent siete LE AER gL 0.078 
CHIGFItE ago ate coe ee ene eae iS 0.094 
al (creme cay meta Say Sy Aa 7) la Sy PAL 0.105 
Museo vite Fe tite eee eae 0.056 
Biotite 204 E sh Lee Rae ete hie ee 0.35 


However, he failed to consider the possibilities of 
hydration and may have allowed greater inaccuracies 
to enter. Too high solubility of the muscovite and talc 
seems peculiar and probably entitles‘the work to the little 
weight accorded it. 


After a consideration of such data, contradictory 
in some cases and incomplete in all, any but general con- 
clusions are hard to draw. However, a number of points 
are clear from: ‘concurrence 7 ofsobservations:: Allwwiiters 
and investigators agree that muscovite is more resistant 
than biotite and that quartz is less soluble than both. 
In all lists of minerals, feldspars are placed next although 
they may decompose differently under different condi- 
tions. Merrill’ states that in potash feldspar rocks carrying 
black mica, the latter is first to give away and will almost 
wholly disappear. In the work of Headen we have con- 
clusive evidence as to the order of the breaking down of 
feldspars, depending upon the amount of potash, soda and 
lime present. With feldspars, at least, we may conclude 
that the most basic are the least resistant. It also seems 
to be true, in general, that the more silica and alumina 
present in a mineral, the greater is its stability. The 
following plate shows the chemical relationship of the 
various feldspars and makes this point clear. 


Applying these data concerning the solution of the 
potash, sodium and calcium to the more basic minerals, 
we can obtain a probable reason for their easy decomposi- 
tion. This becomes more explainable when we consider 
that the iron in basic minerals is very soluble, but on ex- 


1 Op. cit., p. 220. 
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posure to the air is redeposited as the ferric oxide. From 
the fact that the first indication of weathering is always 
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shown by iron stains where iron is present, we can, un- 
doubtedly, consider that the iron at least is as easily attacked 
as the other constituents. Magnesium was shown, by 
Headen, to be more soluble than calcium. 

Comparing, now, the composition of anorthite, horn- 
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blende and olivine, we find them to be calcium-aluminum, 
calcium-iron, or magnesium-iron and magnesium-iron sili- 
cates, respectively. Their formulae are: 


CaA1,Si,0., Anorthite 
Ca(Mg,Fe),(SiO;), with 

Na,Al,(SiO,), and (Mg,Fe)(Al,Fe),SiO, Hornblende 
(Mg,Fe),.SiO, Olivine 


The chemical reason for their different resistance to 
solution is plainly seen. In the case of feldspar and horn- 
blende, the latter contains no aluminum and proportionally 
more of the combined calcium-iron or magnesium-iron 
than the anorthite does of calcium. This. condition is 
more favorable for decomposition. The same is true 
also of olivine. We may say, then, with regard to these 
groups of minerals, that the more basic they become, the 
less their resistance to solution, either to pure or carbonated 
water. However, a query as to biotite may be made here. 
It is a highly magnesium mineral, yet it is placed above 
the feldspars in the classification. No reason is known 
for this unless it is because of its peculiar structure or 
water of crystallization. 

From this general survey, a classification can be added 
to the data already cited, which expresses the probable 
solubility of the minerals when exposed under similar 
conditions. | 


Quartz 8, ale 


it 

2. Muscovite g. Hornblende 
3. ~Biotite 10. Augite 

4. Orthoclase 11. Apatite 

5. Plagioclase 12. Olivine 

6. Epidote 13. Leucite 

7. Serpentine 14. Nepheline 


Calcite, dolomite and gypsum occur in certain strati- 
fied rocks on their metamorphosed derivatives and are 
very soluble. Under any conditions of hydration they 
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will go into solution. Epidote is often an alteration prod- 
uct, from ferromagnesium minerals and feldspars and 
would, therefore, be more stable than the former but less 
so than the latter. The talc and serpentine, as alteration 
products of the ferro-magnesium minerals, will in the same 
way be more resistant. 

Decomposition of Rocks.—Turning, now, from the 
minerals to the rocks themselves, we find a difficult question 
confronting -us. The determination of the solubility of 
a mineral is comparatively simple, compared to the calculating 
of the rate of breaking down of a rock composed of different 
amounts of these same minerals. However, there must 
be some application of the data heretofore cited, even if 
only in a general way. ‘That the conclusions must be gener- 
alized is evident from the fact that rocks differ so greatly 
in texture, mineral constituents and chemical composition. 
The factors are too numerous and varied to allow of specific 
statements which cannot be verified by direct evidence. 

We can make the statement that as we progress 
among igneous rocks from granite to peridotite, the silica, 
alumina and alkalies steadily decrease while the calcium 
and especially the iron and magnesia increase. This means 
a loss of alkali-aluminum silicates and an increase of 
iron and magnesium silicates, which we know are less 
resistant. In other words, quartz lessens and disappears, 
orthoclase is replaced by plagioclase and this, in turn, is 
replaced by a pyroxene. Olivine appears in considerable 
quantities as we pass from acid to basic rocks. With a 
condition then of a constant lessening of the most resistant 
minerals and a replacement of these by those less resistant, 
the relative rate of decomposition of igneous rocks is not 
hard to formu ate. In short, the more basic an igneous 
rock becomes, the texture remaining constant, the less 
able it will be to resist weathering. 

Among sedimentary rocks no such general statement 
can be made because this class of rocks, coming as they 
do from decomposed igneous rocks, are made up in a great 
measure of material already worked over. However, 
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the general principles of mineral solution can be applied 
to specific rocks with -considerable ‘Success: ~ In’ the: case 
of a sandstone, the point of attack will always be in the 
cement; If it be 'silicéous) ‘we can expect the rock “to be 
very resistant to solution, but if the cement be ferruginous 
or calcareous, then the breaking down will be relatively 
rapid. Among limestones we find quick decomposition, 
because the calcium carbonate on becoming a bicarbonate 
is readily soluble. In clay, which has already been sub- 
jected to leaching and mechanical degradation, there is 
a comparatively small amount of soluble matter and such 
material mav lie exposed for years without appreciable 
change. 

Metamorphic rocks may be considered under both 
of the heads already discussed, although in texture they 
more closely approach the igneous rocks. Coming, as they 
do, from either the sedimentary or igneous, their chemical 
composition varies within wide limits. Gneisses and 
schists we’ would expect to break down very much as 
granites and allied rocks do. Quartzites and slates would 
vary, however, and like sandstones should be studied 
earefully as to structure. Indeed; except among rocks 
of identically the same structure, comparative resistance 
is hard to calculate’. Because” of this, the sedimentary 
rocks are especially hard to classify. Evidently, then, 
the best method with any rock is to study actual analyses 
of fresh and decomposed rocks themselves, with the general 
principles of mineral composition and solution always 
well in mind. 

For this we shall first consider a fresh and decomposed 
biotite granite of Georgia. The rock was a finely granular 
aggregate of quartz and feldspar with an abundance of 
biotite. The analyses are as follows: 
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Fresh and Partially Weathered Biotite Granite.! 


























Fresh rock Decom posed Per cent. saved 
DIC wer eee 7Oni? 69.17 92.20 
4.0 (4 0 ed os Paes rage 16.08 73s 100.00 
HerQee ei: sh) Pe jie f32 ek 3 OL 
21 8 alae SORE Eee thease $18 Liokows 
WES OW eee iar. 0.56 O.42 7WTS 
Was On nee ay sire. ee Aone 85.86 
j Sir 8k Re Gaines eh ia ees ATS | 85.27 
FenitiOn: «sas. O.41 1.80 | 409 .09 





It is evident that the relationship between the analy- 
sis of the fresh and decomposed rock means but little except 
from careful study. This is true because of the fact that 
some constituents might show exactly the same percentages 
and yet have been lost in large amounts. To obviate 
this and make the changes from weathering apparent 
at a glance, a number of plates have been devised of fresh 
rocks and their residues. Thus, in Plate’ ° 2, which 
is so clear as to need no explanation, the figures representing 
the fresh and decomposed rock are almost identical and 
throw no light upon the real amount of decomposition 
that has occurred. A glance at the ‘‘percentage saved”’ 
circle, however, reveals the whole story. In obtaining 
the ‘percentage saved’’ column the percentage of each 
oxide saved is calculated, based on the original amount 
of each constituent present.” The oxide which has lost 
least is used as a constant. Obviously, this will be either 
Al,O, or Fe,O, and in some cases SiO,. In the case of the 
analysis cited, it can be seen that the alumina has suffered 
the least. 





1T L. Watson, ‘‘Granite and Gneisses of Georgia,’? Georgia Geol. Survey, Bull. 
9a (1902), p. 309. 


Cc1x A 100 
2@ Al = G x —— = Percentage saved. 


1 
ee %, of oxide which is taken as constant in fresh rock. . 
cl 
A 
Al 





2, of oxide which is taken as constant in residue. 
2%, of any oxide in fresh rock. 
&. of same oxide in residue. 
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Van Hise,’ in discussing this method of calculation, 
used the following analysis of a phonolite: 


Fresh and Decomposed Phonolite. 




















Fresh rock Decom posed Per cent. lost 
rock 
HOC Re eea a enieg: | BS. OF Sawa 8.54 
AO) as iot see 20.64 22°19 1.60 
Fe,0; 2.14 Bond 0.00 
(GE) G lemieer earn od ree I.40 1.28 16.34 
NEO Mere ae a 0.42 0.44 4.54 
RO cites aint tree REO 6.26 0.00: 
NaeOee or eee yee 2.65 65.99 
Po raCiOnrs Sees aiag. 4.33 7.99 165.39 


He says,.1n; regard. to thisutock:" Git. iss cleataaihae 
even the large losses of elements are too small. For in- 
stance, .in- this phonolite where K,O: is: considered. fixed, 
the. loss of Al,O. 1s-1-6' per, cent., but if; the loss otk) 1c. 
for instance, 30 per cent.—and it is probably more than 
this—the loss of Al,O, was more than 30 per cent. But 
in the case of Na,O, the loss of which is calculated at 66 per 
cent., this amount may be considerably too small, but it 
cannot be more than roo per cent., hence, the error is much 
less, than-in ;the ALO, imithis case... «Where the toccsessare 
given as small in the foregoing table, therefore, it is quite 
probable that the calculated amounts are but a fraction 
of the real loss, but where the losses are given as large, 
the errors, while very considerable, are probably not so 
great proportionally.”’ 

A mechanical analysis of the Georgian gneiss, mentioned 
above, shows that the coarse material was made up of com- 
pound particles while the fine was composed of a single 
mineral. The particles, however, were sharp and angular. 
The mica showed some oxidation of iron and the feldspars 
were partially kaolinized. ; 

This freshness suggests mechanical decomposition and 





1 Van Hise, ‘‘freatise on Metamorphism,” U. S. Geol. Survey, Mono. XLVII, p. 507, 
i904. 


THE FORMATION OF RESIDUAL CLAY. oct 


does not at all agree with the general theory of weathering. 
Such a condition demands a solution of colloidal silica, the 
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formation of carbonates of sodium, potassium, calcium, mag- 
nesium and iron, with later, an oxidation Oledt Hiss ston. 
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The feldspars change to kaolinite, the iron becomes limonite 
and the ferro-magnesium minerals alter to talc and serpen- 
tine. A glance at the analyses of this gneiss shows only 
a taking up of water on decomposition and possibly a change 
of the ferrous iron to ferric. Plate 2 reveals that the per- 
centages saved of the various oxides almost fills the compo- 
sition circle. Evidently, then, the fock under consideration 
has only undergone a preliminary weathering. 

A case of complete decomposition is now illustrated 
in a gneiss from Virginia containing quartz, orthoclase, 
microcline, oligoclase, biotite and scatterings of apatite 
and zircon. 


Fresh and Weathered Gneiss.' 























Fresh Decomposed Percentage saved 
$10.,.; 60.69 45.31 47.55 
AILOs, 16.89 26.55 100.00 
Fe,0; 9 .06 12.18 85.65 
CaO. 4.44 Ser 0.00 
MgO.. | 1.06 | 0.40 25.30 
KGOy yee Lees 4.25 | 1.10 16.48 
Na, Seth Ge we 2 2782 | O422 4.97 
B02: | 0.25 0.47 106.82 
Tenitton 2e.% ee : | 0.62 | rs 1285.04 





This is a condition of almost complete weathering, 
the soil consisting of a deep red clay with quartz grains 
present. It is noticeable that in comparison with the other 
analysis of gneiss that the loss of almost all constituents 
is greater. Evidently leaching must have gone on to a 
large extent carrying the action begun in the former rock 
nearer. to completion... From. Plate.3,: we can. readily 
see that the figures representing the percentage saved 
of the constituents has changed markedly from a loss of 
silica and the more soluble salts, and a relative increase of 
aluminum and iron. The figures representing the fresh 





1 G. P. Merrill, Bull. Geol. Soc. Amer., Vol. 8 (1879), p. 160. 
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and decomposed rock have not changed very materially 
however, except from an assumption of water. 
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In the same way these conditions are illustrated by 
the analyses of two diabases with their residues. Their 
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changes are graphically illustrated by Plates 4 and 5 and 
serve to further emphasize the points already graphically 
illustrated. 

Medford Diabase.' 















































Fresh rock | Decomposed Percentage saved 
| rock 

SiQ,as 47.01 44.51 81.97 
Alas: 20.11 22522 100.00 
Fe,O; 3-63 2 it 81.90 
FeO. 8.83 

CaO. 71. OO 6.04 74.11 
AN Bo @ Wak Sage ee Raped ea SEES 2.85 78.30 
K20: ZITA es 70.85 
Na,O 3.91 294 S717 
P02 gle Se 0.68 0.70 88.61 
GOS stamens eee yy aan R94 120.25 

Penokee Diabase and Residual Clay.’ 
Fresh rock Decomposed —__ percentage saved 
rock | 

S105: . 47.90 41.60 36°43 
AIO) eit 2 15.60 25°20 100.00 
BelO a ce. choy 3.69 oe 36.49 
CaO. 9.99 0.23 0.96 
MgO Secle 0.02 0.10 
KO: O12 0.00 
IN at Oc ad Balad patent Deeks 0.07 bo4s 
HO: Bron 13.54 252.14 
FeO. 8.41 0.30 1.49 





As is clearly seen by a comparison of the diagrams of 
these two rocks, we have a case of partial and complete 
weathering. In the latter case there is again the marked 
increase of aluminum and water and a great loss of other 
constituents, especially the lime, potash, soda and mag- 





1G. P. Merrill, ‘‘Disintegration and Decomposition of Diabase at Medford, Mass.,’’ 
Bull. Geol. Soc. Amer., Vol. 7 (1896), p. 349. 

2 R. D. Irving and C. R. Van Hise, ‘‘~he Penokee Iron-bearing Series of Mich- 
igan and Wisconsin,’ U. S. Geol. Survey, Mono. XIX (1892), p. 357. 
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nesium. Again the figures in the percentage saved circle 
assumes the general form of a three-pointed star, char- 
acteristic of completely weathered rocks. 
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In ordinary limestone, we have a rock which is very 
easily decomposed, and the solution of one compound 
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governs the rate of decay of the whole. The action, then, 
is to a large extent a chemical one. This is markedly 
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(c/ Percentagé Sea Circle. 


(a) Fresh Diabase. 
(h) Residual Cray. 





different from the condition found in gneisses and diabases 
where a certain amount of mechanical disintegration 
always proceeds and accompanies the chemical action. 
An analysis of a Virginia limestone and its clay is given 
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mbeloweas: reported. in bulls 150,* of the U.S: “Geological 
Survey. 


Virginia Limestone and Residual Clay. 

















Fresh rock eeenrrs Percentage saved 

S10,:: Fete S757 2.61 
ALOF Ts Olga 20.44 100.00 
1 aes. CPE 0.98 TO oat 
CaO. DOa2 Or51 OF 
DEO Se ede. a. 18.17 ret 0.62 
HO): 1.08 Ae Or AQ * 51 
IN a OES th oe aie 0.09 O22 23.96 
OLS 2), Me Ne aa 41.57 0.38 0.85 
Omer: ee. 0.57 6.69 1096. 2 

P.O] 0.03 0.10 31222 








The result here is a plastic clay made up largely of 
Silica and alumina. 99:83 per cent. of the calcium has 
been leached away and almost all the carbonate with it. 
The residue then is much different from the parent rock. 
This shows a condition entirely distinct from that of 
gneiss where the clay bears a close chemical composition 
to that of the fresh rock. Itisalso noticeable that the water 
has risen to a thousand per cent., indicating great hydra- 
tion: \Plate 6 brings out. these ichanges in a graphic 
manner. 


In Plate 7 is shown the decomposition of a lime- 
stone carrying but a small amount of magnesium. It 
emphasizes the points already stated and serves to show 
the general similarity of the decomposition products of 
limestone. Its analysis is as below: 





1 J. S. Diller, U. S. Geol. Survey, Bull. 150, p. 385, 1898. 
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Arkansas Limestone and Residual Clay.! 





Fresh rock Decom posed Percentage saved 
rock 
SIO: 4oe13 33.69 100.00 
ol AO) 602) Me gars 4.19 30.30 88 .65 
[Sic Oh. pe Coe ere BAe pred I.99 10.44 
100 Gece, FE rae er : ih Sees 14.98 42.41 
CAO etn t Seton 44.79 2,01 F207 
BU ORE (tes woe ee 0.30 0.26 10.62 
LOR ee ee On 35 0.96 B3768 
Na; On se ORS Se 0.16 o.61 46.74 
COMB. tong 34.10 0.00 0.00 











1) oy Se rec ee 220 10.76 5S87 








Eteissevident that -a large part .of this rock has been 
carried away. Indeed, Whitney’ estimates that one meter of 
residual clay in Wisconsin requires from thirty to forty 
meters of limestone. Russell? states that the soil of the 
Shenandoah Valley, which is a red clay fifty feet thick, 
has been formed entirely from the impurities of the lime- 
stone. Consequently, we may expect the residue of a lime- 
stone under most conditions to contain but little carbon- 
ate. ; 

It is quite possible, by averaging a number of the 
rock analyses as to the per cents. of each constituent lost, 
to determine what ones of the oxides are least soluble. 
Van EHiseshas- arranged such-atable at.the.close of his 





1R. AF. Penrose, Ann. Rept. Geol. Survey of Arkansas (1890), p. 179. 
2 Geol. of Wis., Vol. I (1862), p. 121. 
3 U.S. Geol. Survey, Bull. 52 (1904), p. 24. 
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discussion of the investigational work on rock solubility 
and it is given below:! 


1 C. R. Van Hise, U. S. Geol. Survey, Mono. XLVII, p. 515. 


THE FORMATION OF RESIDUAL CLAY. 361 


Table Showing Per cent. of Constituents Lost during Formation of 
Residual Clays. | 


















































KO Na,O CaO MgO SiO. Fe;03 | AleO; 
Gneiss...... 83.052 fie. 5.030.5 LOO, O TAP P52 4S ti LAs 5 oh O00 
Syenites9 .. SEGOSc 147. T S74901} 82210: 62418. /* 86207: | 000 
Diabase::.".". 20 F 5G C12 253 PEOO Ole Wy Oc lo ,03 +16 Lous Onl 2 OOO 
Diabase.... | 100.00 | 98.57 99.04 |.90.90 | 63.57 |. 87.81 | 000 
Basaltecss: . 61.69 SAGSS seepaalOrme 32700: itl 50k 7) 19 000 
Basalt) a ey ele ley. | 47.2 | 96.38 | 65.56 | 88.84 | 000 
THOT ee ae ae S827 5 Imo4eo7 Ope SOUR OGen7. 1837 638. 21503) 000 
Pyroxinite: 47 .05 0.00 | 44.45 | TONTO\ 8A S259 WaT AS | [O00 
Aresllite.. :. 77.05 OO KOA 4. LOOcO 2S 2h O57 a5 7 S175 4), COO 

OT e7OsP TO. a5 FOUZONNI2027 | VASLIA 1146730 2) 000 





‘his =placesadtie constituents in the. order” of .-Al,O,, 
Beno tO). 6,0) Na.O, MeO-and CaO: Of course;if-iron 
or silica should be used as a basis for calculation, as they 
often are, they would, in turn, be placed first. Ferrous 
oxide has not been considered as such from the fact that 
ft generally changes” to vthe terric form. ‘However, from 
its known solubility, it would probably come at the end 
of the list. The silica, which we are considering in this 
case, is not lost from the free quartz but from the silicates. 
However, stich an average is not at all reliable as the 
differences between the percentages of several of the oxides 
are so small. A few analyses selected at random and added 
to these already cited would change completely the order 
of solubility. Nevertheless, such calculations, rough as 
they are, confirm in general, not only in the order of solu- 
bility of the chemical constituents, but the solubility of 
the minerals themselves. 


We have studied thus far the decomposition of minerals, 
applied their data to the rocks themselves and have traced 
these rocks in their change from fresh aggregates to residual 
clays, making due allowance for physical forces. A sum- 
mary, then, of the laws of rock resistance must embody 
the principles already evolved. It should be kept in mind, 
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however, that these laws are not specific laws and can 
apply only when other factors are constant. 


Laws of Rock Resistance. 


1. The more basic’ a rock becomes {he more rapid 
is decomposition, and the more acid, the less rapid. 

2. An increase of sodium and potash accelerates 
chemical decomposition. 

a. Increase of sodium over potash decreases relative 
resistance. 

b. Increase of potash over sodium increases relative 
resistance. 

3.> The “more magnesium ‘and ecalciim  presenteatwa 
rock, the more rapid is chemical decomposition. 

a. Increase of calcium over magnesium decreases 
resistance. 

b. Increase of _magnesium over .calciiim; increases 
resistance. 

4. Increase of iron in a rock lessens resistance. 

5. Increase of aluminum checks decomposition. 

64 pilica, eausesiless capidtchemical decay: 

Thus far, only the laws of rock-weathering have been 
dealt with and methods of rock decay indicated. It re- 
mains, then, to’ determine’ how, this, data, may bevappiwed 
in, relation ‘to. the,.product, the residual clay.) Jit sisi avell 
known that a soluble material of any rock may exist in 
its residual clay either in an undecomposed mineral or in 
the clay solution itself. Soluble minerals go into solution 
so very gradually that a residual clay may contain many 
particles of minerals usually considered very soluble. 
Again, the power of adsorption of the solution surrounding 
clay particles is strong and materials may be held thus 
for a long time after their solution has occurred. Con- 
sequently, we may expect to find from the same kinds of 
rocks a graded series of clays according to the percentage 
of the soluble elements. This would account, then, for the 
many variations in chemical analyses of clays from the 
same districts. Two factors enter here to determine the 
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composition of the residual clay. First, the extent to 
which physical forces have aided in the rock decay, and 
second, the degree with which chemical action has pro- 
ceeded. When physical agents predominate, the composi- 
tion of the residual clay may differ but little from the parent 
rockayittis: thes chemical forces that produce the’ great 
change. To a person interested in clay and its workings, 
the knowledge of what an analysis means and just why 
it occurs thus is of no uncertain value. 

It is quite obvious that it is impossible to say, except 
in the most general terms, what the character and chemical 
composition of a residual clay from any particular rock 
may be. So many factors enter into this process which 
we call rock-weathering, that its complexity is multiplied 
many fold. That a limestone usually produces a ferrugi- 
nous clay is well known. Granites may form sandy clays 
but the chemical composition of this residual clay must 
depend largely on the degree of chemical decay, other 
factors being, of course, equal. Rocks containing large 
per cents. of the ferro-magnesian minerals are likely to 
decompose into ferruginous clays, because weathering 
tends to concentrate the iron, as well as accentuate its 
presence by oxidation. In general, however, it may be 
said that rocks containing large percentages of a resistant 
element form a clay with as large or usually still larger 
per cent. of that particular constituent. Readily soluble 
materials may or may not be lost to a large degree according 
to their amounts in the parent rock, the form in which they 
are present and the conditions of weathering. This is 
illustrated by a clay from limestone being usually very 
poor insite: » Mere the calciim carbonate 1s present in 
large amounts in the parent rock. Again, in many cases, 
the potash in granites may even show a gain in percentage 
inthe resultant clay... Of course it is: present in the fresh 
rock in small amounts which may partly account for its 
behavior. 

We must not fail to call attention, in closing, to one 
fact, probably the most important in the study of the 
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formation of residual clays. It 1s clearly apparent trom 
every analysis shown in this discussion that no matter 
what the rocks or what may be their chemical composi- 
tions, their residues all bear a striking similarity to one 
another. This appears with particular clearness in all 
the charts shown of the fresh rocks and their residual 
clays. Weathering, in general, seems to tend toward the 
production, in all cases, of a common clay type when 
relationships are expressed in chemical terms, and all rocks 
are gradually resolved into this common type simply 
because their siliceous aluminates are the most resistant 
portion of their make-up. 


In studying the’ general phases of «clay formation; 
a fairly complete bibliography was acquired. In order 
to present clearly the sources of the ideas expressed in this 
paper and also in hopes that it may be of aid to others 
interested in this question of clay formation, it is herewith 
appended. A bibliography of the analyses of fresh rocks 
and their resultant residues has also been added. 
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THE CONSTRUCTION OF A TWELVE-FOOT, POTTER’S 
UPDRAFT KILN. 


By FRANK H. RIDDLE. 


Assuming that a complete working drawing of a kiln 
would be of value to our ‘‘Transactions,” I give herewith 
such a drawing of a kiln which I have used for some time. 


It will be noted that in the following plates two dis- 
tinct types of fire boxes are shown. 

The box shown on all drawings, 7. e., the one fired 
through the cast iron fire door, is far superior to the box 
fired from the hob top. It is so constructed that one man 
alone can fire with ease. It also permits the coking of 
the coal before being pushed down to the hottest part 
of the box. 

By use of the flue holes “‘F”’ it is possible to make 
an over-draft at will and force the heat under the floor 
and up the well hole. This permits of a much better dis- 
tribution of heat and the resulting evenness of temperature 
in the top and bottom. 

The flues are so distributed that they give air to each 
part of the fire, thus tending to produce better combus- 
tion. 

Briefly the advantages and disadvantages of the new 
over-draft fire box over the old hob top fired fire boxes 
are as shown in the following table: 


Advantages. 





New over-draft box Old hob top fired box 








Easily operated by 1 man. Low cost of construction. 
Saves 20 per cent. in fuel. 
Much more uniform. 
Better control of heat. 


Longer life of box lining. 
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Disadvantages. 








Requires close attention. 
Higher cost of construction 
(not excessive). 





| 


Poor combustion. 

Hard to get the heat in bottom. 

Requires two men to fire. 

Subject to reducing conditions in 
f utting on new fires. 


This new box has been in use three years and fired 
regularly. The only repairs in that time have been the 
replacing of a few grate bars and a new set of baffle plates. 
The iron door frames have shown no signs of warping. 


THE FUNCTION OF TIME ON THE VITRIFICATION 
OF A SHALE. 


By A. V. BLEININGER AND T. L. Boys. 


That time is an exceedingly important function in the matur- 
ing of clays and bodies is so well-known that the statement hardly 
needs repetition. Our attention is frequently called to the fact 
that a certain result may be obtained either by the application 
of a higher intensity of heat for a shorter time or a lower tem- 
perature for a longer time. The practical effect of the time 
factor we see constantly illustrated in the burning of pottery and 
other bodies, the softening of pyrometric cones, etc. It is a 
well-known fact in the case of the latter, that a difference of as 
much as a hundred degrees may be observed between the soften- 
ing points determined in a small test furnace and a commercial 
kiln.' Yet there is a definite limit with reference to this matter 
depending upon the kind of body. To illustrate, it is obvious 
that a feldspar body may show the effect of long firing in a marked 
degree, while a calcareous composition is more indifferent in this 
respect. Even with reference to the former, certain limits must be 
clearly recognized. Thus it is not likely that a porcelain body 
ordinarily maturing at, say, cone 10, can be made to vitrify at 
cones 6 or 7 by increasing the time of firing within reasonable 
length. 

In discussing the vitrification of clay, we are soméwhat too 
prone to ascribe the closing up of the pore system entirely to the 
action of fluxes which cause incipient softening and the resulting 
lack of molecular cohesion due to the decreased viscosity. Under 
these conditions, contraction takes place, due to the forces which 
exert an inward pressure upon the surface of the substance. Yet 
this is by no means true. Part of the contraction is undoubtedly 
caused by the shrinkage of the colloidal portion of clays, since, 
indeed, such condensation is typical of amorphous substances in 
distinction from crystalline materials. We need think in this 
connection only of pure alumina, magnesia, zirconia, etc. The 
contraction of kaolin begins soon after the chemical water is 
drawn off, 7. e., when the substance is a typical amorphous body. 





1 Hoffmann, Sprechsaal, 44, 143-45. 
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Lukas,’ in an investigation of the fire shrinkage of such substances, 
determined the contraction suffered by small specimens of Zettlitz 
kaolin. 

In Fig. 1 the results of measurements made upon these are 
given, showing clearly the different rates at which the condition 
of apparent equilibrium is approached as well as the rate at which 
the pore space is closed up at different temperatures. With 
regard to the first point, it is seen that at higher temperatures, 
constancy in porosity is approached more rapidly; and with 
reference to the second, it is clearly shown, that, as is to be ex- 
pected, higher temperatures cause the shrinkage to be larger. 
This increase in shrinkage becomes small as the temperature 
rises. Thus while the gain in shrinkage between 1100° and 1200° 
is quite large, it is, of course, very much smaller between 1200° 
and 1300°. At still higher temperatures the values would tend 
to coincide more and more. 

Mellor? has correlated the time effect as expressed by re- . 
burning a sagger body repeatedly at cone 8. He finds that the 
rate at which the contraction takes place may be represented by 
an expression resembling that for the speed of a bi-molecular 
reaction. This, of course, is but a coincidence. According to 
this ‘the change of contraction during each firing is proportional 
to the square of the contraction which is yet to be made.” 


The work to be described in this paper deals with a paving 
brick shale from Streator, Ill., the porosity-temperature curve 
of which is shown in Fig. 2. The shale is an excellent material, 
well-known for its high quality. 

The shale, after disintegration, was made up with water into 
a fairly large lump, thoroughly kneaded and mixed, from which 
smaller cylinders were formed, weighing from 16-19 grams in the 
dry state. These were dried, and then slowly heated up in a small 
gas-fired muffle kiln to 650° C. until all of the carbon was burnt 
out. At this stage the average porosity was determined in the 
usual way by the absorption of-water in vacuo and calculation 
from the formula: 100 (W — D) + (W —5S8S) = per cent. poro- 





1 Zeitschrift fiir physikal. Chemie, 52, 327. 
2’Srans. English Ceramic Society, 9, 79. 
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sity, where D, W and 5S represent the dry, wet and suspended 
weights respectively. The average porosity was thus found to be 
3B Ayper cent: 

The heating of these specimens to higher temperatures was 
accomplished in a small electric platinum resistance furnace, 
1'/,” in diameter and 3” high, inside. After repeated trials, the 
zone of greatest temperature uniformity was determined. Within 
this zone the specimen was placed, supported by a small clay 
block. Notches were cut into the top of the latter so as to secure 
better heat distribution around the supported end of the cylinder. 
The electric current was regulated by means of two rheostats. 
The specimens were heated up according to predetermined 
schedules which are shown in Fig. 3. In each case the heating 
curve was a straight line, ending at 900° C., 950°, 1000°, 1050°, 
1100°, 1150°, and 1200°. For each of these points the porosity 
of a specimen was determined, thus requiring 7 X 6 = 42 furnace 
runs. The rates of the six heating schedules varied from 16 to 
2.05° C. per minute. 

The results of the work are represented in Fig. 4, where 
the curves for the temperatures lower than 1100° have been 
omitted, owing to the fact that they became practically parallel 
to the abscissa at fairly high porosities. The 1100° and 1150° 
curves show a distinct slope with the highest time, and, theoret- 
ically, would meet the minimum porosity of the 1200° curve 
after 1360 minutes. Similarly, the 1150° curve would meet the 
minimum porosity line after 970 minutes. This would be equiv- 
alent to saying that a heating treatment, such that 1100° is 
reached at a constant rate in 1360 minutes, would bring about the 
same result as the heating up at the constant rate of 2.05° per 
minute to 1200°, corresponding to 585 minutes. Whether this 
statement is borne out by the fact cannot be said at present. 
To prove this experimentally, the time should have been length- 
ened so that the curves would intersect. Under the conditions 
prevailing at the time this experiment was carried on, this could 
not be done. 

An examination of these curves will show, as is to be ex- 
pected, that the drop in porosity or, generally speaking, the rate 
of vitrification is very much greater at the beginning of the heat- 
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ing and gradually tapers off as it is continued. Thus, during the 
first 72 minutes the rate of vitrification is about 7.5 times as 
great as that between 72 and 174 minutes, reduced to porosity 
drop per minute. This rate of vitrification does not follow the 
rule suggested by Mellor. 

Considering points of equal porosity, it is observed, for 
instance, that a porosity of 20 per cent. is obtained at 1100° after 
A480 minutes, while the same point is reached in a 68-minute run 
up to 1150° and in considerably less time in the 1200° run. 
Similarly, the 10 per cent. porosity is reached in a 72 minute 
heating up to 1200° and after 536 minutes up to 1150°. 

It is proposed to carry on further work along these lines 
with longer time and closer temperature intervals so that numerous 
definite intersection points may be obtained. It is also proposed 
to bring in the question of heat absorption of clays. 


EFFECT OF COMPOSITION ON THE STRENGTH OF 
PORCELAINS.' 


By LESTER OGDEN, Columbus, Ohio. 


Object.—The object of this research was, ds the title 
implies, to learn if possible the effects of a varying composi- 
tion on the toughness of porcelains. 

Previous Work.—The writer knows of but one other 
piece of work along this line—that of Mr. Ellsworth Ogden’. 
While the plan of attack and method of procedure in this 
work were considerably different from those employed 
in the above-mentioned research,. the results are, never- 
theless, comparable. 

Plan of Attack.—To limit the field of study to one 
that could be thoroughly worked over in the time allowed, 
ite wass decided (to ‘limit,,the number of, variants. The 
field chosen was designed to cover and overlap the field 
of commercially workable porcelains of three components, 
maturing at cone 10. To. this end the clay content was 
watied between 20 per cent. and 60 per ‘cent. (inclusive), 
the feldspar between ro per cent. and 50 per cent., and the 
flint making up the balance. The field covered is most 
clearly seen on the triaxial diagram (Fig. 1). 


Table of Percentage Composition. 




















Feldspar : na a = a ze A — 2 zs = 
alate res A-I Ae2 A-3 A-4 A-5 A-6 A-7 A-8 A-9 
Slave tee: 60:17 55201, 5080.) 25.00 | AO ZI KOG at BOO. | 2520 20 
Peltan tener BOM B32 75 esr lee 45 48.75 A Rnan SOND 60 
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Feldspar : a me ey ee ai a ag = 

aati a ora ae B-4 B-5 B-6 B-7 B-8 B-9 
Claygate co 60 | 55 50 45 40 35 30 25 20 
Bint. 53 25 a20% 314 | 342 374 | 40% 433 46% 50 
Feldspar .| 15 | 16% 18? | 20% 224 | 248 264 284 30 
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1 Phesis at the Ohio State University under the direction of Ross C. Purdy. 
2 ranes AGOw Sn V Ole VIL. p.. 370% 
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Table of Percentage Composition (Continued). 















































































































































Feldspar: | c-1/ C-2 C-3 C-4 C-5 C-6 C-7 c-8 C-9 
flint: : 1:1 
Clay: sive 60 55 50 45 40 35 30 25 20 
Flint... 20 | 224 | 25 \/lste7ditl gam \¢2a28 Tl ape sinlaes ghana 
Feldspar .| 20 | 22% 25 BFA 130, 324 35 Bs AO 
Feldspar: | p-1x D-2 D-3 D--4 D-5 D-6 D-7 D-& D-9 
Hin Ges 33 
Clay rise a4 60 55 50 45 40 35 30 25 20 
Plates 15 16% 182 208 224 24% 264 284 | 30 
Feldspar . | 25.) 285 | 314 | 348 =| 37% | 40§ 43% | 46§ | 50 
| 
V-1 vV-2 V-3 V-4 V-5 V-6 V-7 V-8 V-9 
Slayers 60 55 50 45 40 35 30 25 20 
Hint Sth; 30 35 40 45 50 55 60 65 70 
Feldspar .| 10 IO IO IO IO IO IO IO IO 
W-1I W-2 W-3 W-4 W-5 W-6 W-7 W-8 | W-9 
Cla Vernet 60 55 50 45 40 35 30 25 20 
PHN 2 5 30 35 40 45 50 55 60 65 
Feldspar .| 15 15 15 15 £5 15 15 15 15 
X-1 xX-2 X-3 xX-4 X-5 X-6 X-7 x-8 X-9 
Clay eis 60 55 50 45 40 a5 30 25 20 
Pints. nak 20 25 30 35 40 45 50 55 60 
Feldspar .| 20 20 20 20 20 20 20 20 20 
Y-1 Y-2 Y-3 Y-4 Y=5 Y-6 Y-7 Y-8 Y-9 
Clays o.3 60 55 50 45 40 35 30 25 20 
Plints 5: 15 20 25 30 25 40 40 50 55 
Feldspar .| 25 25 25 25 25 25 25 25 25 
Z-1 Z-2 Z-3 Z-4 Z-5 Z-6 Z-7 Z-8 Z-9 
Clay. ate 60 55 50 45 40 35 30 25 20 
Plinth. 10 15 20 25 30 eke 40 45 50 
Feldspar .| 30 30 30 30 30 30 30 30 30 
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Materials Used.—To further approach commercial 
practice, the clay content was made up of several clays 
in the following proportions: 


Per cent. 
Géorsia Washed Kaolin” ao. ee. TaN 25 
BaglisinCiigaWlay, NO. 97. oie ten os 25 
Harris «Dillsboro- Kaolin. sens te: we sab x 2 
BaglishBalliClayeNGgie sine ges. 124 
Tennessee Ball Clay, No. 9................ 124 


Golding’s flint and Brandywine feldspar were used. 
Marking.—All bodies having the same number have 


Trans. Am. Cek. S06, Vol. X/// O7del 
100% Feldspar, 







Magram showing 


Fig. / COMPOSITIONS 


and 


Lie 
oS 
NINN 

RIA 








Se ade erat 
LOO % Flint 0% Feldspar 100 Clay 


the same clay content. All bodies having the same letter 
have either the same content of feldspar or a constant 
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ratio between feldspar and flint. Series A, B, C and D 
represent the latter, while V, W, X, Y and Z, the former. 
To obtain a series with a constant content of flint, it is 
only necessary to take the last five letters in order and 
have the numerals form a regular sequence, thus, V-1, 
W-2, X-3, Y-4, Z-5, or V-4, W-5, X-6, etc. 

Manufacture.—Five kilograms (11 lbs.) of each body 
were carefully weighed up and ground with six quarts of 
water for exactly thirty minutes in a Bonnot ball mill 
of three gallon capacity. The slip was then screened 
through a hundred-meskh sieve and filter-pressed. The 
filter-pressed bodies were then wedged on a plaster block, 
placed in covered jars and allowed to age in a warm room 
for six weeks. 

The trial pieces were made by hand-pressing in plaster 
moulds. ‘To measure shrinkage and translucency, as well 
as toughness and absorption, necessitated the making of 
three different shaped pieces. 

For abrasion and absorption, a disc 3/4” thick by 
2-3/4” in diameter was selected, and ten for each body 
made. For shrinkage\a barr4” ox 33) 474 x 3/3" wae made, 
while for translucency, a wedge 7/8” x 3/8” at the base and 
tapering to a thin edge. 

Drying and Burning.—The trial pieces were carefully 
dried in a moderately warm room, free from draught. 
They showed no cracking and very little warping. After 
being thoroughly dried, they were biscuited to cone o1o 
in the largest of the down-draft kilns of the Ceramic De- 
partment at the Ohio State University.’ 

The cone oro biscuiting was to give them the dura- 
bility to permit their being transported to Zanesville, 
where, through the courtesy of Mr. Morton, they were burned 
in a regular burn at the Mosaic Tile Works. The fourteen 
saggars containing the trials were set together and, as there 





_ 1’~his kiln has given excellent results, and it would have been possible to have given 
them a uniform burn to cone 10 in it, but as the aim thus far had been to approach factory 
conditions it was decided to have the trials burned to cone 10 in a large commercial kiln. 
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was not a half cone difference between the top and bottom 
of the kiln, received a very uniform burn. 

Description of Burned Trials—Up to and through 
the biscuit burn no cracking had taken place, but during 
the last burn many of the pieces cracked; in many instances 
all of the ten trial pieces for a given body were cracked. 
It was noted that badly cracked bodies are, with but very 
few exceptions, those containing 40 or more per cent. 
flint. 

The degree of vitrification and comparative trans- 
lucency of the several trials is shown by the data. 

Abrasion.—The abrasion test used was the familar 
rattler test. This test was conducted in four periods of 
fifteen minutes each. The rattling was done in the Sheibell 
mill, same as used by Ellsworth Ogden. The speed of the 
mill was sixty revolutions per minute. The charge con- 
sisted of 150 pounds of iron stars: 125 pounds of stars 
weighing eighteen to the pound, and 25 pounds of larger 
ones weighing six to the pound. A test on two sets 
of commercial porcelain floor tile, 1-1/2” x 3”, ten to the 
set, gave the following results: 














Ist charge | and charge 
| 
Loss inv perscent.,; endjof-15 min,:,... 5! 5.83 | 5293 
os : s PON enc /e~t 7.49 7.69 
“ “ “ 45 “ é 8.50 9.20 
vs % ie let EK dinner gs 9.26 10.08 


As mentioned above, many of the bodies had cracked 
so badly that there were not sufficient trial pieces for a 
rattler test so it was decided to rattle only those bodies 
where at least six trial pieces showed no signs of cracking. 
This cut the number of bodies to be rattled from 72 to 36. 
Five trial pieces each, of three bodies, were put into the 
mill at the same time, making twelve charges to be rattled 
for four periods of fifteen minutes each. In order to have 
the fesults as nearly comparable as possible, and to get 
away from a part, at least, of the adverse criticism for using 
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a pointed abrasion, sufficient stars were secured, through 
the kindness of Mr. Monroe Kittle, Ohio Malleable Iron 
Works, to permit an entirely new charge of stars every 
three hours. This meant that one charge of stars must 
take care of three charges of trials. Instead of rattling 
first one set of trials clear through, each of the three sets 
were given a fifteen-minute period—the stars standard- 
ized—and then all given another fifteen minutes in the 
reverse order, thus calling the charges A, B and C. 


rst “A, and B, 3rd C,_ rattled 15 min. star standardized. 
6th A; 5th B, 4th c “ 15 6 GG é 
7th A, Sth B, oth Cc. 6 15 Gs Ga i 

rth A: Trin 5, roth C, « 15 oe 


Stars all cast out. 


While this does not give each charge exactly the 
same treatment for a given period, the culminative effect 
of the four periods should be very nearly the same. 

Absorption.—The absorption data was obtained by 

weighing the test pieces before and after a 48-hour soaking 
period. : 
Translucency.—The measure of translucency here given 
is the thickness of the body in millimeters required to shut 
out the light of a 16-candle power incandescent lamp, 
and was obtained as follows: A box of sufficient size 
to accommodate the above-mentioned light, and having one 
side of zinc in which there was a narrow slit about half 
an inch long, was taken into a dark room, where, with the 
only light available coming through the slit in the zinc, 
it was very easy to slide one of the wedges up or down 
past this slit until the light was just shut out. This point, 
marked on the wedge, was calipered. 

The result of these tests, together with shrinkage 
and absorption, follows. 
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CONCLUSIONS. 


The data at hand seems to warrant the following 
statements : 

First.—That in a three-component porcelain maturing 
at. CONE. LO ; 

(a) The feldspar content should not be less than 15 
Deis Cent. 

(b) The clay should not exceed 50 per cent. 

(c) The flint should not be under 30 per cent. 

Second.—That within these limits, with a given con- 
tent of clay, the toughness increases with an increase 
in flint, and a simultaneous decrease in feldspar. 

Third.—That with feldspar constant the toughness 
increases with increase in flint and simultaneous decrease 
in clay. 

Fourth.—That with constant flint there is little or 
no evidence of toughness, varying directly as either of the 
other ingredients. 

Fifth.—That the toughness of a porcelain is dependent 
more upon the amount of flint present than upon either 
of the other two ingredients, and that within the limits 
Obs research, the percentage of flint to be used for. a 
Sone porcelain. slouldape very, close ‘tois35. , With: -35 
per cent. flint there seems to be very wide range of varia- 
tion in clay and feldspar which produce tough bodies. 
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The object sought in making the 15-minute periods 
was not attained, due to the difference in degree of vitri- 
fication of the various bodies. The idea of making the 15- 
minute rattler periods was to determine the relative la- 
bility of the various bodies tochipping. This could be shown 
by the percentage of the total loss that the bodies had 
suffered during the first 15-minute period, and would 
necessitate equal degree of vitrification of the bodies. 


DISCUSSION. 


Mr. Humphrey: Slow cooling has the same effect 
in vitrified china as annealing does in glass. If cooled 
slowly, we obtain a tough body; and if cooled too rapidly, 
a brittle body. While the composition is important, 
slow cooling is equally as important a factor. 

Mr. Riddle: I should like to ask Mr. Humphrey 
which he thinks is the most important stage of cooling in 
which to go slowly; that is, whether at a high temperature 
or at a low temperature. I have had occasion to try 
slow cooling on paving brick, and have found some differ- 
ence. 

Mr. Humphrey: My process was cooling as slowly 
as possible through the whole time. 

Mr. Bleininger: It seems to me that cooling should 
be carried on more slowly during the first stage. We 
know, naturally, that the drop in temperature is greatest 
beginning at the highest temperature, or the finishing 
temperature of the kiln. Consequently, it appears to me 
that the cooling might be retarded particularly during 
the first stage. Of course, this is a general consideration 
only; we really have no data available to throw. light on 
this subject and I realize that in several instances that 
have come to my knowledge exactly the reverse seems to 
ber (aire: 

Mr. Coulter; In the experience that 1 had in, cooling 
brick fast and slowly,’ I found that when the bricks were 
very hot, I could not injure them by cooling them fast. 





4 ‘Trans. INCI Se VOLES Ole: 
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It was only when they reached a temperature of about 
seven hundred degrees that injury could be done to them 
by fast cooling. The amount of injury was indicated by 
the cracking heard in the kiln. At very high temperatures, 
above seven hundred degrees, the cold air could be forced 
in with a fan, without producing injury. The degrees 
mentioned are Centigrade not Fahrenheit. 

Mr. Purdy: I know of an instance in which the waste 
heat of a cooling floor-tile kiln is being withdrawn until 
the kiln loses color, at which time they stop drawing off heat 
and finish the cooling under natural draft, and this 
without effect on the toughness of the tile. — 

Mr. Humphrey: In making window-glass, the pieces 
are made and cooled quickly; and before being annealed, 
the glass is heated again until it becomes almost viscous. 
Its shape can then be readily changed, the glass flattening 
out almost likerubber. From that point, the glass gradually 
cooled and, of course, annealed. Whether it is necessary 
to go to that temperature in order to obtain proper an- 
nealing, I do not know. 

Mr. Purdy; In annealing lamp-chimneys, they use 
hot oil, hence, not a very high temperature. 

Mr. Stover: Is it not possible that we might look 
in this direction for relief from dunting? 

Marr... »Gotes> -Inscooling a kiln one may avoid 
cooling cracks by dropping rapidly until dull red is reached, 
and then cooling slowly. This is all a matter of guess- 
work, however. When the ware is at a high temperature, 
the air will be heated before reaching the ware; but when 
the temperature decreases, any cold air going through 
the kiln-walls will strike the pieces when it is still cold. 
I have not been able to place the temperature point, ex- 
Ceptato-dtaw tiewline at vabout “ared heat). 1t. would 
be interesting to bring out the point whether there is a 
difference between cooling for annealing and for other pur- 
poses. 


SOME COEFFICIENT OF EXPANSION DATA ON PORCELAIN 
MADE FROM EUROPEAN MATERIALS. 


By A--S. WATTS: 


For these determinations the following materials were 
used: 


NORWEGIAN FELDSPAR. 





No) (OS Oreer sa re Teron ere ker Mop A Meer a) RS NY 65.71 
ALO gs OE ee Sc Ta Sy ge a as 18.48 
a ee ole AE RE he fot eee ee Ree ot nA eR Orgs 
MgO ie Rete hte eh ta eae ee Or2I 
KO: 3 tac ee end ape Rear ae te eee ened eee 11,07 
Na Ono ks scented cs mal eae ater U ene aire ae 2403 
LOSS). doch. Sick s a Mich inked tae Rianne UME Ea ae Nps ean 0.36 

100.14 


Fineness of Grain.—Finer than 5000 mesh per cm?. 
—g2.8 per cent. Remains in suspension in neutral dis- 
tilled#Hl@=-1 04em-pdecp! 


20.01% settled in 1 minute. 
33.01% remained suspended 1 minute, settled in 5 minutes. 


“c “ 


9. 29% “ “ 5 20 
36.70% ES more than 20 minutes. 
99 .O1 


HOHENBOCKA SAND. 
SiO, 99.68% 
Fineness of Grain.—Finer than 5000 mesh per cm. 


—100 per cent. Remains suspended in neutral distilled 
H,O—10: cm.-deep. 


6.3% settled in 1 minute. 
10.6% remained suspended © 1 minute, settled in 5 minutes. 


14 F rele “ 6“ 5 “ 6c Io “ 
i506 “ “ Io “ “ch 20 “ 
55-0% c more than 20 minutes. 
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CALCINED ZETTLITZ KAOLIN. 


Not analyzed 


Fineness of Grain.—All passed 5000 mesh per cm’. 
Remained suspended in neutral distilled H,O—10 cm. 


8.3% remained suspended 1 minute, settled in 5 minutes. 





deep. 
2.7% settled in 1 minute. 
12. o% « é 
yi , 7% “c “c IO 
69.0% 4 i 20 
99-7. 


ZETTLITZ KAOLIN, 


SiG) aed ee eas ee oe “ye 2k 
1s IC eS. Ske ATE en Wises 
Bie Obs co tes ee oh 0.76 
KNaO. 0.61 
CNG Fag oT i be nee Fay tS ge 0.26 
INE SO) mate Seta ie et hc anata trace 
Combined HO eins 14.16 


oy 1 ate ees RUPE Zeta aes aaa 70 <36 
LCs a ep ea teased aden cate aas J 20.64 
1 co @ AD Pen iat yarn cn one eae 0.53 
RK NaOn eee eanene O25 
CA0s Season eens. OcO8 
MEO) Bch ene eeenGs sees ones 0.09 
Combined 30 sas S27Tz 


_ LOTHAINER THONE. 


SiGe erice mateone tale wena coe 50.5 37 
PLO yicten Geico Me OES 
EGC) Aa eric aR pernek: ORE 
TENGE sie a. enh et ORO 
CaO. St kk ee BCLS 


Combined tO}. of nc 2: 10.26 


“c “ “ 


5 


“c (is 20 


“ 
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Rational Analysis. 


Clays substances 2c5 9.25% 94.07 
VAR O Zab Res oh eee 2220 
Melelepatnt a...tiate y fone oe 2°08 


The standard kaolin of Europe. 


Rational Analysis. 


Clayisubstance.... 2.5 .%. 56.50 
OMI AL UZ rg Men erste s Sin hie aes te 40.30 
Peldspatn wee. wits weed es 2520 


Clay substance content about 
as plastic as kaolin. 


Rational Analysis. 


GClAV ss UiSta mee ris, aio! i i 75.40 
QUAL ZS ear Poste sotlaeac de 221535 
Feldsparw. 1. eu 22 


A very plastic ball clay. 
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ENGLISH CHINA CLAY. 


SiO oc. Gheeet ee ae ae eee 47.9 Rational Analysis. 
AL OD atch s giana see 38.16 Clay substances ye ae 95-4 
Fe, Oscn. i aay ee eee 0.49 QuartZie a en eee 1.0 
CAO Us: sa kaa tee bee eal ia trace Peldsnare i ope ae 3.6 
KENGO eit eee ears rA28 

Combined 1,0 ms. 12/37 


The porcelains were made by ball mixing for 2 hours 
and test pieces by pressing in plaster moulds. 

The firing was in two stages of about 24 hours each, 
the first reaching cone o10 and the second cone 15. 

After the firing process, the pieces of porcelain were 
carefully ground on a carborundum wheel to the desired 
size and the two ends sharply pointed. 


APPARATUS FOR DETERMINATION OF COEFFICIENT OF 
EXPANSION. 


The apparatus used for these determinations, and 
shown in the accompanying illustration, consists of a 





glass cylinder enclosed at both ends with metal caps and 
in’ the center ol Leach ,eap era Dearing sere aiant7, ee 
lower bearing is stationary and the upper free to move 
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back and forth. Any change of position of this upper 
bearing is communicated through a lever on knife-edge 
pivots to a long lever which also acts as a pointer on a 
dial. 

This trial piece, which is in the form of a pencil pointed 
at both ends, is first placed in water until it reaches a con- 
stant temperature. It is then carefully measured and placed 
between the bearings of the glass cylinder which has been 
brought to the same temperature as the trial piece. The 
pointer on the dial is then adjusted to read zero, after 
which steam is introduced into the cylinder until the 
trial piece has reached a constant temperature of 100° C. 
when a record is made of the expansion of the trial piece 
as indicated by the pointer upon the dial. The record 
thus obtained is reduced to value for 1 cm. length through 
one degree Centigrade change in temperature which is 
the coefficient of expansion of the material being tested. 


THE EXPERIMENTS. 


To determine the influence of the variation of flint 
and feldspar, I made a series with Zettlitz kaolin, constant 
at 48 per cent. The test pieces with more than 22 1/2 
per cent. feldspar were too badly warped to be used and 
those with less than to per cent. feldspar were not matured 
so the series was necessarily limited. The resultant curve 
is as shown: 


Trans Arn Cer. Soc Vol X/// Watls 
Coerrs. of Expansion 
of Forcelain at Cone /5 


.000005 


Coesrs. of Exp. 


. 000004 





Feldspar 10 20 30 
Fliret Feo Sai (zs 
Clay Sub. 48 48 G8 2 
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Within these limits a substitution of feldspar for 
flint reduces the coefficient of expansion. 

To determine the influence of the variation of feldspar 
and clay, I made a second series with flint constant at 30 
per cent. The clay substance was introduced from Zett- 
litz kaolin and I give you, in Fig. 2, the results of this 
series: 


Trans. Am. Cer, Soc. Vol X/// Warts 
Coerrs. of LExpars/on 


or Porcelain at Cone 15 





Q 1.000005 

* 

WwW 

yw 

S 
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= 

8 1.00000 

e 00004 
Feldspar 10 20 Eee cOes 
Clay Sub, 60 50 GO % 
Flint 3O 30 SOIZ 


From the above, it would seem that within these limits, 
the replacing of feldspar by clay substance or vice versa 
doers not materially change the coefficient of expansion. 
The limits within which a series of either the clay-feldspar 
variation or the flint-feldspar variation can be made at 
cone 15, is too small to draw any but general conclusions. 

The variation of the flint-clay content can be success- 
fully worked over a longer range and I now made a series 
with 15 per cent. feldspar constant, and varied the flint 
and clay substance. 

From the following curve it is apparent that the substitu- 
tion of flint for clay substance has fully as much influence 
upon the coefficient of expansion as results from the substi- 
tution of flint for feldspar. 

Since flint seems the active agent in causing variation 
of coefficient of expansion, it seemed important to de- 
termine if a substitute for it could be found which would 
possess this ‘same property. I ‘decided to try clay 
calcined at a high temperature. The clay substance 
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I utilized was Zettlitz kaolin calcined at cone 16 and ground. 
The results of varying the flint by substitution of this 
calcined kaolin is as shown in Fig. 4. 


Trans Arm Cer Soc. Vol X/// Watts 
: Coerrs. of Expansion 
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The results of this series indicate that calcined kaolin has 
practically the same effect as flint on the coefficient of 


expansion. 
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The question now arises whether the type of clay 
substance introduced effects the coefficient of expansion. 
To test this I made up parallel series using Lothainer clay, 
Halle clay, Zettlitzer kaolin and English china clay, all 
with 10 per cent. feldspar and with flint and clay substance 
variable. The test results on these series I show you in 
iOS; 


Trans. Am. Cer. Sac. vol XI Watts 


ae 
te 
sete 


~~, 





FUT 65 55 FS 3S 25 reel teres 
Clay Sub. 25 35 45 55 65 75 % 
Feldspar /0 /0 /O /0 /0 10 % 


In this study we must bear in mind that the flint in Lo- 
thainer and Hallescher clays was partly introduced as 
natural impurity and undoubtedly not as _ fine-grained 
as the mill-ground flint. According to Seger, this would 
cause the body to have a lower coefficient of expansion so 
that curves 1 and 2 are both doubtless low and this is 
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more pronounced in No. 2 than in No. 1, since No. 2 con- 
tained a higher per cent. of natural silica sand than did 
NONE: . 

The extent of the influence of fine grinding of flint 
upon the coefficient of expansion, I did not determine, 
but the Hallescher ton and Zettlitz kaolin are very similar 
in all their physical properties, as well as chemical compo- 
sitions aside from the excess of flint in the former and if 
this great difference in coefficients is due to the size of grain 
of the flint introduced, it appears as important a factor 
as the amount of flint added. 

A comparison of these results with the findings of Dr. 
Seger, who worked with similar materials, is especially 
interesting. 

To counteract crazing in glazes, Seger recommends 
increasing the coefficient of expansion of the body and gives 
the following methods for accomplishing this result.* 

Method A.—Decreasing the content of the body in 
plastic bonding material, with simultaneous increase of the 
content of salica. 

This is checked by my finding as shown in Fig. 3. 

Method B.—Replacement of a part of the clay-substance 
arising from kaolin by that coming from plastic clay. 

My work along this line is very unsatisfactory since 
the plastic clay employed contained sand which was coarser 
than the pulverized flint used with the other clays. Ac- 
cording to Seger, this would decrease the coefficient of 
expansion and tend to neutralize the influence of the 
plastic clay toward an increase in the coefficient. How- 
ever, the data shown in Fig. 5 confirms the findings of 
Seger with the exception of curve 4, which is of a body 
containing English china clay. 

A peculiarity of this clay is that, although similar 
in chemical composition to kaolin, it imparted to the body, 
in which it replaced kaolin, a much higher coefficient of 
expansion. I do not offer any explanation for this phe- 





1 «*Seger’s Collected Writings,’ Vol. II, p. 577. 
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nomena but call attention to the fact that wherever used 
in place of kaolin, English china clay lowers the maturing 
temperature of the body and the trials here tested showed 
evidence of over-maturity as indicated by bloating. 


Method C.— Decrease in the content of feldspar. 

The changes in composition of my trials were by 
substitution and not by straight addition, hence, I have 
no results directly comparable with Seger. My data, 
shown in Fig. 1, indicate that replacement of feldspar 
by clay substance causes little change in coefficient of ex- 
pansion. The data shown in Fig. 2, however, indicate 
that replacement of feldspar by flint increases the coefficient 
of expansion to a marked degree. Since a straight reduction 
of feldspar means a proportionate increase in flint—clay 
substance content, the result would be a combination of 
that shown in Fig. 1 and Fig. 2, and an increase in co- 
efficient of expansion would result, thus checking Seger’s 
findings. 

Method D.— Finer grinding of the quartz content. 

A comparison of curves 2 and 3 (Fig. 5) illustrates the 
operation of this method, and agrees with Seger’s conclusion. 
Mention of this fact is made in discussing Fig. 5. 

Method E.— Harder biscuit firing. 

In my study no comparable data was obtained. 

The data obtained agree with Seger’s findings in 
every case where the materials used were similar to those 
with which he worked. 


CONCLUSIONS. 


I find that within the limits of this research the fol- 
lowing statement holds: 

The coefficient of expansion of the body is increased 
greatly by the substitution of flint for either feldspar or 
clay substance. 

The coefficient of expansion of the body is not mate- 
rially changed by substitution of feldspar for clay substance 
in the form of kaolin. 
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The coefficient of expansion of the body is slightly 
increased by substituting clay substance in the form of 
ball clay for clay substance in the form of kaolin. The 
substitution of English china clay for kaolin apparently 
increases the coefficient of expansion of the body to a marked 
degree. 

The coefficient of expansion of the body is increased 
very decidedly by substitution of finely ground flint for 
sand not so fine and which occurs in natural mixture with 
kaolin. 

The coefficient of expansion of the body is not mate- 
rially changed by substitution of pulverized calcined kaolin 
for flint provided that the kaolin is calcined at a tempera- 
ture above that to which the body is fired. 


DISCUSSION. 


. Mr. Weelans: What practical application has this 
to pottery in general? 

Mr. Watts: I was investigating it with a view to some 
work in special electric porcelain pieces, where the coefficient 
seems to have a certain value. 

Mr. Weelans: ‘The reason that I asked is that the dunt- 
ing proposition is interesting to potters, and we have never 
been able to determine its exact cause. We have often 
considered it as due to the varying coefficient of expansion. 

Mr. Burt: The practical value of this proposition 
is that in a measure it is the power behind losses that we 
have, and this is the first time that we have taken the matter 
up scientifically. We have been groping in the dark and 
drawing hypotheses from results that we have not been able 
to check up from scientific determinations. We base 
our theories of craze, etc., on the coefficient of expansion, 
but we have never had any actual data on which to base 
our fundamental assumptions. If we can take our various 
mixtures, as I am delighted to see that Mr Purdy and Mr. 
Watts have done, and go through them, we can finally 
get to a point where we may, for instance, think that Mr. 
Stover is right in saying that crazing may not be due to 
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difference in rates of expansion. The data will enable 
us to see whether one ingredient increases the coefficient 
or not. 

Mr. Stover: I do not wish to be misunderstood as 
having said that.it is not the coefficient of expansion that 
causes the shivering, for my thought was that in delayed 
cases the effect of the coefficient might be offset by that 
of elasticity. When two men like Mr. Purdy and Mr. Watts 
work on the same subject in different parts of the world 
and come to results so nearly alike, it makes us believe 
that there is something here that we must recognize. 

Mr. Weelans: The subject of ‘‘dunting’’ we took up 
some time ago in a paper and gave three reasons for it, one 
was that defects in the wares themselves are largely re- 
sponsible for it, composition of the mixture being only a 
part of the cause. We have often talked about the coeffi- 
cient of expansion as applied to this defect, and it was easy 
for us to consider that this had something to do with the 
dunting. We are approaching the time when we shall 
know whether it has or not. 

In our efforts to discover some of the causes of dunting 
our plan of procedure is as follows: We put a certain 
mixture into operation and note to what extent it is sensi- 
tive to this fault. When the ware is drawn, should there 
be any dunted pieces, they are broken, and frequently 
we find that the dunts started from some defect in the 
workmanship, such as hollow places, large and small, which 
are noticed in the pieces after breaking; again, parts of the 
ware are found to have opened as the seams, when not 
properly joined by the workmen, etc. 

We are then about to say that defective workman- 
ship alone is the fault—but we put other compositions 
into work and note that while the defects of construction 
mentioned still contribute to the dunting, it is also noticed 
that it appears in some compositions more than in others. 
It is, therefore, demonstrated that since some composi- 
tions dunt more than others, the fault is due to more 
than one cause. 
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As the work progresses we try to determine which 
is the more satisfactory composition, and our attention 
is called to the fact that the higher the feldspar the more 
this trouble occurs. We are, therefore, persuaded to lower 
the feldspar as other body requirements will permit. It 
is this experience that has called forth our previous state- 
ment that ‘‘The higher the flint the less dunting we shall 
have, provided that we correspondingly increase the fire.’’ 

Now if we are firing a body which matures at cone seven 
and we increase the flint still continuing to fire it at cone 
seven, dunting will ensue; but it would not, in our opinion, 
be due to the increase of flint, but to the inadequate firing. 
for the body is now underfired. On the other hand, in- 
crease the flint and increase the temperature correspond- 
ingly and the dunting will be less than before, irrespective 
likewise of the defects-in the body. 

Therefore, we still maintain that the three faults 
which contribute most to dunting are: 

1. Construction (joining the pieces together in the 
clay). 

2. Composition. 

3. Treatment. 

In the manufacture of large pottery, dunting is all the 
time present. It is a serious problem. 


Mr. Mayer: I want to give an emphatic amen to all 
that you have said, absolutely. 


Mr. Maddock: Are you speaking of dunting in the bis- 
cuit or in the glaze? 


Mr. Weelans: Either. 


Mr. Stover: Ithink that we might look for some causes 
of dunting in our dry-rooms. You should not put green 
ware in the same room with pieces that are ready for the 
kiln. We are now working on a recording hygrometer 
by which we study the moisture conditions of our dry-rooms. 
When we get the record from the dry-room, we shall look 
to see why it is so and what the results will be. 

Mr. Maddock: I would agree with Mr. Weelans, 
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that you must increase the fire when you increase the flint. 
The reason that you have dunting in glost or biscuit is 
that the kiln is not fired high enough. If it-is not fired 
properly, you will have twice as much dunting. 

Mr. Watts: I should like to ask whether you find dunt- 
ing in pieces of vitrified ware. 

Mr. Weelans: Yes, sir, we do find loads of them. 

Mr. Mayer: ‘The reason that I spoke so emphatically 
in backing up what you said, Mr. Weelans, is that not only 
in England, but also in this country, dunting stops on the 
lines of which you spoke; but if you increase the flint and 
do not increase the fire, you are worse off than when you 
started. 


NOTES PREPARED AFTER READING THE FOREGOING 
DISCUSSIONS. 

Mr. Purdy: It may be well to review that which 
has been published in our Transactions on the subject of 
dunting before taking it up further. The supposed causes 
of dunting are listed here, with credit: 


Hope, p. 65, Vole Vill Teo rapidvcoolie: 

Weelans, p. 81,- Vol. VIII ~Too rapid cooling. 

Weelans, Pit S229 V Ola WV dl dp Oven ne. 

Weelans, Pp. 83; VOleVaLi aU ndemnre: 

Weelans, p. 84, Vol. VIII > Unequal fusion. 

Weelans, p. 86," Vole VITI,* Detective coustruction: 

Weelans, p. 90, Vol. Vill“ Voo high: content ot-ield- 
spar. 

Weelans, p...90, Volo VII Lack of tensile strenztiun 
the clay. 

W. D. Gates, p. 96, Vol. VIII Too rapid cooling. 

Simcoe, p. 349, Vol. XI Pug mill laminations. 

A. Mayer, p. 295, Vol. XII Too much non-plastic ma- 
terial. 

A. Mayer, p. 295, Vol. XII Too rapid cooling. 

Binns, p. 302, Vol. XII Too high content of quartz. 

Ashley, p. 302, Vol. XII Lack of proper bonding ma- 


terial in the body. 


EXPANSION DATA ON EUROPEAN PORCELAIN. 419 


Ashley, p. 303, Vol. XII Strains set up by improper 
handling. 

Stull, pa303,) Vol X 1. Peculiar expansion of 
quartz. 

Thomas, p- 305, Vol. XII Too close a grain. 


A. There seems to be a unanimity on structural defects 
and too rapid cooling as the most frequent causes of dunt- 
ing. 

B. Mr. Weelans has not made plain in what way 
underfiring and overfiring of the ware produces, or even 
promotes dunting. From the testimony of Messrs. E. 
Mayer and J. Maddox there is danger in underfiring only 
when the flint content of the body is too high. 

Co Want of teusie: strength im the binding clay or 
too close a grain is productive of a weakness which I 
have often thought would follow from grinding the materials 
too fine, and for this reason I have thought it was fortunate for 
the potters that the clays they use are not more readily and 
completely disintegrated in the blunger, for if they were, the 
use of extremely fine flint and feldspar would cause the ware 
to be weak and punky, and very pronetodunt. Ourstudents 
often overgrind their body mixes and get into these very 
troubles. The difficulties here are the same as those 
found by Professor Orton' when he attempted the use 
Oretouwmine asad of-toon lat. a clay. .-l-tecertly had 2a 
consulting experience with too thorough blunging of the 
body. A body blunged or treated with hot water until 
it gives difficulty in the filter press is very apt to produce 
unsound ware, an effect not always traceable to a separa- 
tion of the body materials in the press. 

Bedford shale, when ground in the dry pan and worked 
to a plastic condition in a pug mill, can be vitrified with 
safety, but when disintegrated in a blunger and filter- 
pressed, it is very prone to dunt if cooled too rapidly. 
I state this from sad experience. The reason? Primarily, 
too close a grain; secondly, defective structure caused 


iv-rans, AvtG.7S:,) Vols 2; p. 100. 
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by escaping moisture, combined water, etc.; and, thirdly, 
too tight a body to stand rapid cooling. I can believe that 
fusion need not progress beyond that necessary to produce a 
dense structure before annealing becomes a serious problem 
and that the coarser the material, the less need there is 
of annealing, no matter how thoroughly the mass is vitri- 
fied. Some of the terra cotta manufacturers know that 
COIS 15.100 a1! Ife: 


D. I fail to follow Mr. Weelans in his argument that 
in underfired ware there is unequal fusion. His argument 
does not seem logical. 


E. I can readily see that if the flint is increased, you 

must increase «the \heaty ui-duntingsicutompe wav oicedaaa 
fact, the reasoning underlying thisis the same that prompted 
me to state (to Mr. Weelans) ‘‘That of the white ware in- 
gredients, flint is the one most apt to provoke dunting. 
This is as Prof. Binns has stated the case, and is in agree- 
ment with the experience of E. Mayer and J. Maddox. 
If the biscuit heat treatment is maintained the same, 
an increase in flint at the expense of feldspar will not 
only increase the proportional amount of material which 
fails to go into solution, thus decreasing the proportion 
of cementing bond which hardens the ware in the firing, 
but this increase in flint will also increase the proportional 
amount of the one constituent which, as Stull stated, 
suffers the greatest volume change when the ware is cooling. 
An increase in biscuit heat treatment will permit of in- 
creased solution of the flint, thus increasing the propor- 
tional amount of the cementing bond. 


Fl. can also,.see how. it..would. be. possiblesto, have 
dunted ware with high feldspar and low flint even where 
care is taken in making and handling of the “‘green’’ ware, 
and in the cooling of the burned ware. If heavy ware 
is set in the kiln before being thoroughly dried, the dry 
portions of these large pieces will be heating up while the 
damp portions are drying out, thus permitting that which 
is dry to get considerably ahead in the process of vitri- 
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fication. Orton and Griffen' have demonstrated this 
mathematically and they are frequently checked by observa- 
tions in the burning of bricks. From paving brick experi- 
ence, I would say that it is possible that this erstwhile 
damp portion may not attain the same degree of vitrifica- 
tion as the dry portion, and if it did attain an equivalent 
degree of vitrification, it would have a somewhat honey- 
combed structure, while the dried portion would be dense. 
It is not hard to see that if either of these conditions are 
attained, the body of the ware would be subjected to un- 
equal strains when cooling, the resultant effect being a 
dunt. It is in this connection that I see occasion to apply 
Mr. Stover’s suggestion that the cause of dunting may, 
in some cases, be traced to the drying room conditions. 

G. A potter ran out of flint and credit at the one and 
same time, and having a stock of feldspar that felt like flint, 
he took a chance of using feldspar as a substitute for the 
flint. Of course he obtained a blue, vitrified biscuit on 
which his glaze could not do else than craze. We secured 
several of the 8-inch plates from this biscuit stock to use 
as tile setters in our experimental glaze burns. We in- 
variably drew these kilns when so hot as to render asbestos 
gloves absolute necessities, and yet, these high feldspar 
and highly vitrified plates stood this sort of treatment 
repeatedly without dunting. One of these plates was 
on exhibition at the Trenton meeting of the Society. If 
Mr. Weelans’ theories are wholly sound, why did these 
plates not dunt? They certainly had a high content of 
feldspar, were overfired and were refired several times. 

Mr. Ogden biscuited his tile at cone oro prior to taking 
them to Zanesville for burning in the large kilns, and 
every one of those which were highest in flint (and for that 
matter only those) dunted with glassy fracture even though 
cooled slowly. Mr. Weelans cites instances of this same 
sort himself when he says that refired biscuit invariably 
dunts. 





1 Page 9. ‘‘The Influence of Carbon in the Burning of Clay Ware,’’ second report 
of Committee on Technical Investigation, N. B. M. A., Indianapolis, Ind. 
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In summarizing, I claim that dunting follows from: 
(1) Structural weakness in the clay state, such weakness 
being caused by: 

(a) Too little bonding strength (Mayer). 

(6) Improper handling (Ashley). 

(c) Too close grain (Thomas). 

(d) Pug mill or jigger laminations (Simcoe and Mayer). 

(2) Structural rupture in the burned state ‘caused by; 

(a) Too rapid cooling (Weelans, Gates and others). 

(6) Unequal vitrification or unequal structural density 

because of ware not being thoroughly dried. 

(c) Too much flint, thus allowing within the vitrified 

mass too large a volume change in cooling (Stull). 
I would imagine that the more flint there is in vitrified 
bodies, the more care would have to be exercised in cooling, 
and there would be less likelihood of successful refiring 
of the ware. 

Let me repeat the contention which provoked this 
discussion from Mr. Weelans—of the materials used, flint 
is thes most apt tor produce dunting.~ In, this, of course 
I mean when used in excess of that required to produce 
vitrification under normal kiln conditions. My views of 
this dunting proposition are quite closely parallel with 
those of Arthur Mayer’s. , 

I doubt if coefficient of expansion is a serious factor 
in ‘the problem, 

Mr. Burt: If Mr. Purdy would clearly define just 
what is meant by dunting, considerable confusion might 
be avoided. In my mind a dunt is a crack caused by sudden 
change of temperature acting on a body of high coefficient 
of expansion. It is practically the same phenomena as 
the breaking of a piece of cut glass when changed too 
quickly from hot to cold water; sudden high contraction on 
the surface while the main body has not contracted. In 
laboratory practice, we know that a jet of cold water, 
striking only a small part of a hot test tube, will probably 
break it, while if the whole tube is covered, no harm will 
be done. If, however, we are fortunate enough to possess 
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silica glass tubes, the coefficient of which is low, they can 
be handled recklessly. So, contrary to Purdy, I hold 
coefficient is the main, if not the entire cause of dunt. 
When he talks of “‘structural weakness’ and ‘‘structural 
‘rupture’ in a burned state, he treats of an entirely differ- 
ent matter. Itis here we need a definition of dunt. Cracks 
which may appear to be similar to dunt can often be traced 
to an original clay crack, others to a fire crack, but, to my 
mind, the true dunt comes to that otherwise perfect piece 
which, owing to its high coefficient, cannot accommodate 
itself to sudden temperature changes. 

The question is: ‘‘What gives the high coefficient 
to the body?” Undoubtedly uncombined flint not only 
gives this high coefficient, but some investigators have 
shown that it is also an irregular coefficient. Purdy covers 
this under ‘“‘E”’ and I agree with him here entirely, especially 
when he says: ‘“‘An increase in biscuit heat will permit 
increase solution of the flint,’’ but I would add to this, 
thereby changing from the high coefficient of the uncom- 
bined flint to the low coefficient of the combined. 

Under -G”’ is: cited a case of ware made from clay and 
feldspar, with no flint which failed to dunt. This con- 
firms my theory, for with feldspar and clay (both with low 
coefficient) there is little chance for dunt. Flint, with its 
high coefficient is the real cause. Some ten years ago 
I wished to make dishes for boiling the sulphuric acid in 
rational analysis over a direct fire. It was evident that 
any regular high flint, non-vitrified white ware body would 
have high coefficient and dunt under the sudden tempera- 
ture changes, so I made up a mix of 80 clay and 20 feldspar. 
Queer mix, I grant, but it worked to perfection. Another 
chance to test the theory -was in the enclosing tubes for 
the pyrometer elements. Those supplied by the Berlin 
porcelain were not a porcelain but a porous, presumably, 
high flint body. These dunted on cooling with most dis- 
tressing ease. It was evident I would have to make my 
ower co- tor these, tried 2 mix of 30 clay, 30 feldspar and 
40 flint. Here is a high flint, why not a high coefficient 
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and dunt? Simply because the body was fired to full 
vitrification and the uncombined high flint coefficient 
changed to combined flint of low coefficient. These tubes 
have given perfect satisfaction. 


If a body has been so imperfectly made that distinct » 
differences occur in its chemical or physical character, 
then it is easily conceivable that different coefficients 
may exist in the same body which might cause dunting. 
I claim, however, if this difference occurs in a majority 
of cases, trouble can be traced elsewhere and is not a true 
dunt. ‘‘Too little bonding strength, improper handling, 
too close (fine) grain, pug mill laminations’’ all cause 
clay to crack, a pure shrinkage problem often not to be 
seen until the ware is fired. The point is, certain mixes, 
no matter how perfectly made, will dunt, others will not. 
It is not a question of manipulation. It is a question of 
the coefficient of the perfectly made mix. | 


Mr. Purdy: Although differing in definition of dunt- 
ing, Mr. Burt and I are in agreement as to the comparative 
influence of flint and feldspar in promoting the develop- 
ment of this defect, both of us differing from Mr. Weelans 
in opinion and experience in this. 


I would refer Mr. Burt to a paper in this volume 
entitled ‘‘Chemical Porcelain,’’ written by G. Murray, 
for an investigation of the very phenomena to which Mr. 
Burt would restrict the use of the term “dunt.” Mr. 
Murray shows very distinctly that ability to stand sudden 
changes of temperature is not influenced much by compo- 
sition of the body except in so far as structural density 
of the body is thereby likewise influenced, and that it was 
the more porous bodies rather than the most dense that 
stood the test. 


Then, too, I would ask Mr. Burt to explain the sudden 
dunting of a large sanitary piece when in a stock room 
completely bathed in an atmosphere of equal temperature 
and which has not been subjected to sudden changes in 
temperature since having been drawn from the kiln. 
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Mr. Weelans: Mr. Burt requests a clear definition of 
dunting. We explained in a previous note that dunting may 
appear in otherwise perfect ware, and also in ware of defective 
construction though the defects in construction would not, 
of themselves, destroy the ware, since dunts from one inch 
to a foot long often start from an infinitesimal small crack 
which crack would not at all, of itself, diminish the value 
of the piece, while the dunt completely destroys it. We term 
the fault a ‘“‘dunt’’ despite its having started from a crack. 

As previously explained by the writer, dunts emanating 
from cracks are, in a measure, increased or decreased 
according to the perfection or imperfection of the body 
composition. 

Burt says dunts are a result of high coefficient of the 
body and that high coefficient of the body is due to high 
uncombined flint, while the writer gives, as his reason, 
“underfire.’’ This is a case of a distinction without a dif- 
ference. If a high flint body be thoroughly vitrified it 
immediately loses its high coefficient because the flint 
is now combined, and, as a result of this combination, is of 
low coefficient, and of non-dunting character. In other 
words, it is now as the writer named it, a body of high 
flint fully combined, of low coefficient, thoroughly vitrified, 
and of low dunting ability. Vet, despite this, Prof. Purdy 
says, in his answer to Mr. Burt’s note, that, ‘Although 
differing in definition of dunting, Mr. Burt and I are in 
agreement as to the comparative influence of flint and feld- 
spar in promoting the development of this defect, both of us 
differing from Mr. Weelans in opinion and experience 
in this.’ To repeat, the writer gave as one cause of dunt- 
ing, underfire. Is not a high uwncombined flint body an 
underfired body? The writer gave as one help for dunting, 
“a high flint body thoroughly vitrified.’”’ What is this 
but a high combined flint, low coefficient, non-dunting 
body? On this, I quote Mr. Burt (in speaking of porcelain 
tubes for enclosing pyrometer elements): ‘‘Those supplied 
by the Berlin porcelain were not porcelain but a porous, 
presumably, high flint body. These dunted in cooling 
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with most distressing ease.’’ Mr. Burt presumes that this 
was a high flint porous body. I would also presume 
that it was, therefore, a porous high flint underfired, and, 
necessarily, a high coefficient and dunting body, which 
coincides exactly with our contention. 


Quoting further from Mr. Burt’s discussion: “It was 
evident I would have to make my own (meaning body), 
so for these I tried a mix of thirty clay, thirty feldspar, 
and forty flint. .,Here, is high flint, why not ja-low co- 
efficient and dunt? Simply because the body was fired 
to full vitrification and the wncombined high flint coefficient 
changed to combined and low coefficient. These tubes 
have given perfect satisfaction.” In other words, a high 
flint and underfired body was a failure while a fully fired 
high flint body gave perfect satisfaction. This is exactly 
the argument used by the writer in his first note on the 
subject three years ago, and which he has ever since main- 
tained. 


Prof... Purdy; in¢thevsame discussion, “reters ic pure 
to a paper in this volume entitled ‘‘Chemical Porcelain,”’ 
written by G. Murray. Prof. Purdy says that Mr. Murray 
shows very distinctly that ability to stand sudden changes 
of temperature is not influenced much by composition of 
the body except in so far as structural density of the. body 
is thereby likewise influenced, and that it was more the 
porous bodies rather than the most dense ones that stood 
the test. Is not the openness and density of the body 
the cause of it all? We don’t expect an open, high clay, 
porous body to dunt. The writer, in all his remarks upon 
the subject has repeatedly stated that the composition 
under discussion was a vitreous, close body, acceptable 
for heavy vitreous ware. One might ask, if clay does not 
dunt so readily and dunting is a trouble, why not increase 
the clay? I would answer by saying that a high clay body 
is not satisfactory in other ways; in fact, for the class of 
ware under discussion it is wholly impracticable. Surely 
no investigation was necessary to prove that an open body 
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would admit of the exit of heat and entrance of cold more 
readily than a close, compact, vitreous body. 

In a paper by the writer some time ago, we spoke of a 
heavy grog vitreous body which was used in some classes 
of ware where much greater thickness was desirable, the 
object of the incorporation of vitreous grog being to open 
the body, thus permitting it to be made in thicknesses 
much greater than was possible in regular vitreous. This 
open body, thoroughly vitreous, was filed with minute 
cells which permitted the heat of the body to be expelled 
so readily that the heated body in coming in contact with 
the cold failed to shatter or explode as would be the case 
with a fine, close grain vitreous body. This sort of body, 
however, could not be used in the finer grades of ware 
of which the writer has been discussing, owing to the 
fact that this incorporated vitreous grog gave it the appear- 
ance when broken of a rough and absorbent body. 

Mr. Purdy asks an explanation for the ‘‘sudden dunting 
of large sanitary pieces when in the stock room, bathed 
as they are in an atmosphere of equal temperature.” Our 
explanation for this, as given four years ago, is that on 
cooling the kiln this weakening action is first set up, and 
that it continues until the changing elements are stronger 
(iam itne temainine strength) of the piece, and that,it is 
then that the dunt takes place. 

The temperature in which the pieces are ‘‘bathed,’’ 
however, is not so even as Prof. Purdy’s remarks would 
indicate, for in winter, the stock room is often very cold 
at night but is warmed for the workmen during the day. 

Mr. Burt: Mr. Murray’s paper not having been pub- 
lished, I reserve comments on the conclusions Mr. Purdy 
Says arenegiven: in) 1t: 

In regard to dunting of a sanitary piece in the stock 
room, I think this is a case not of dunting but of shivering 
that is, if same piece had no glaze trouble, dunting would 
HPopeuoccirt..sAs: 1 have explained elsewhere,..on .cooling 
in the kiln, if glaze and body coefficients are not the same, 
a strain results, growing greater as the cooling advances, 
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This strain may tend to craze or shiver as glaze contraction 
is greater or the reverse. Many pieces come from the kiln 
and go to stock room apparently perfect, but actually 
under a heavy strain. Some may not craze or shiver 
for years, if the strain is not very great. Just why elas- 
ticity should be sufficient to withstand this strain for a 
time and then fail, we do not know. A steel rail often 
becomes brittle in time under the blows from car wheels.’ 


Dunting is a different phenomena. Take a big piece 
of sanitary ware and allow it to cool properly, as it were, 
anneal it, the same will probably be perfect forever. Let 
it be a hurry job, send the kiln men into the kiln with gloves 
and draw this same piece hot out into cool air and you 
will not only see but hear the dunting. 

Mr. Stover: Dunting undoubtedly has numerous 
causes as above explained, while some may originate 
and others may be increased in the dry room. In many 
dry rooms the degree of heat is the only factor considered 
and even this is under indifferent control, whereas the per- 
centage of moisture is of equal, and, in many cases, of 
more importance in the accomplishment of safe and eco- 
nomical drying of ceramic wares of all kinds. 

Experience has taught many of us that the dry rooms 
should be divided in separate sections, each section pref- 
erably having one or more kilns capacity. As each section 
is filled, the temperature should start low (about 70° F.); 
the humidity invariably should start high (96 to 98 per 
cent.), and as the heat is gradually increased the per cent. 
of humidity gradually lowered in proportion, thus avoiding 
surface checks or tension and allowing the internal moisture 
to travel by uniform capillary attraction to the surface 
without setting up unnatural strains or tensions which are 
frequently the original cause of ultimate dunting or, at 
least, which increase. the tendency ‘where other causes 
pre-exist. 

The necessary apparatus is now available for auto- 





1 From crystallization (Ed.). 


EXPANSION DATA ON EUROPEAN PORCELAIN. 429 


matically controlling and continually recording the humidity 
and temperature. The records thus obtained are very 
useful for comparison and reference in perfecting and 
maintaining the best results in drying for the various 
forms of products. 


Irregular dry room conditions have more to do in the 
production of dunting than is generally suspected. 


Mr. Binns: Ido not find in the foregoing discussion 
any mention of the change which is undergone by quartz 
or flint under high temperature or prolonged heating. 
I think this is an important factor and is partly responsible 
ior changes i beliavior..It,is quite certain that quartz 
changes in form and finally loses altogether its crystalline 
structure when strongly heated. It may or may not enter 
into solution. The finer grains probably do but even the 
large and undissolved grains assume an amorphous form. 


Mr. Purdy: | ask’ again that af given a ‘‘vitreous,” 
close body acceptable for heavy vitreous ware in every 
case would Mr. Weelans have us believe that of the materials 
used, feldspar is the most apt to produce dunting? 


I ask Mr. Weelans to again read the contribution 
by Watts, p. 185, Vol. XI, of our Transactions, entitled 
“Crystalline Structure in Porcelain’’ and then state if he 
still believes that in a vitrified body the flint is all in the 
amorphous state. I ask him further to prove that any 
of the flint is inthe amorphous state, even inthe most vitri- 
fied bodies. I have proof that it would likely be in the 
crystalline state though perhaps somewhat more subdi- 
vided. | 

Mr. Weelans: In answer to Prof. Purdy’s question 
with reference to the possible state of flint in a vitrified 
body, would say that inasmuch as he himself is unable 
to make a positive statement in this connection (as the 
following sentence, quoted from Prof. Purdy, in speaking 
of flint in the body, will prove: “I have proof that it would 
likely be in the crystalline state, though perhaps some- 
what more subdivided’’) it would be unwise for the writer, 
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who has not had an opportunity to investigate this point 
as thoroughly as he would like, to do so. I take pleasure, 
however, in reiterating my former statement that high 
flint in a thoroughly vitrified body is as beneficial as high 
flint in an underfired body is dangerous. 


INFLUENCE OF CLAY, FELDSPAR AND FLINT ON COEFFI- 
CIENT OF EXPANSION OF CERTAIN WHITE WARE 
MIXTURES. BISCUITED AT CONE ro. 


By Ross C. Purpy and Amos P. Porrs.! 


REVIEW OF PUBLISHED WORK OF OTHERS. 


A most searching review of the literature on physics, 
physical chemistry, ceramics and allied subjects, shows 
that there is a conspicuous lack of data on this subject. 
It is true that a number of determinations of the coefficients 
of expansion of certain porcelains have been made, but 
in these cases no attention was paid to composition or 
constitution. 

(1) T. G. Bedford read a paper on ‘‘The Expansion 
of Porcelain with Rise of Temperature’’ before Section A, 
of the British Association for the Advancement of Science, 
at Dover, in 1899, in which he quotes Deville and Troost 
Cin Mae Vol. 49, py 91). asy having “determined: the 
cubical coefficient of a sample of Bayeux porcelain, used 
in the air thermometer, as being 0.000,016 to 0.000,017. 
This determination was made by the usual dilatometer 
method. He also quotes from an article by German in- 
vestigators, Holborn and Wien (Ann. der Physik und 
Chemie, Vol. 47, p. 107), who measured a piece of Berlin 
porcelain (composition unknown) 9 cm. long, at room 
temperature, and again at 500° and 1000° C., and came to 
the conclusion that the expansion was constant at 0.000,004 
per unit length at o° C. 

(2) Bedford, in the same paper, gives an account of 
a determination of his own. He used a tube of glazed 
Bayeux porcelain about 1 meter long and 1.7 cm. in external 
diameter. Two fine transverse scratches ran around the 
tube at a distance of about 91 cm. from each other. Using 
a standard length, and a pair of reading microscopes, 
he directly compared the distance between these marks 
at a series of temperatures, ranging from 0° C. to 830° C. 





1 By permission of Dr. John A. Bownocker, Director Ohio Geological Survey. 
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The microscopes were supported on solid stone blocks, 
resting on a solid stone bench, and could be moved along 
their slides by means of micrometer screws. 

The tube was heated in a gas furnace, supported on 
a stand provided with leveling screws by means of which 
the marks were kept in focus. } 

The distance between two diamond marks on a glass 
tube, kept in a trough of melting ice, was used as a standard 
length. This distance equaled 91.394 cm. 

As a result of this investigation he obtained the 
following expression: The length at a given temperature 
equals the length at zero centigrade multiplied. by «Gi. x: 
34.25 11078 bo 1007 Xe ORE ali yes LO Wie that, - the 
expansion is not a constant, but that the curve expressing 
elongation with rise of temperature is of the form (ax + 
bx + 1)K = y, rather than (ax + 1)K = y, as had been as- 
sumed by Deville and Troost, and also by Holborn and 
Wien. 

(3) On: March: ay,-1902,;Mre/A. Tuttoniread, before 
the Physical Society, a paper entitled ‘The Thermal 
Expansion of Porcelain,’’ which is published in Phil. Mag., 
6th. Series, ‘Vol! 3; Noz. 18,, June; 1902: 

His determinations were made on pieces of the same 
tube which had been used by Bedford and also by Chappius. 
His method was to use the interference dilatometer which 
he had previously described in Phil. Tyrans., A, Vol. 
O1, per373) ands Volii.o2japr455scu bon each determination, 
he used a piece of the tube 12 mm. long, and he worked over 
a temperature range from 10° to 120°. 

Tutton’s formula is similar to that of Bedford’s ex- 
cept that his constants differ. As determined by Tutton 
the formula is: Li='L, (m4: (2522t. 4 7-43) 107). 

(4) The formula as determined by Chappius and quoted 
by Tutton (the present writers have been unable to find 
a published account of Chappius’s work) is L, = L,(1 + 
(2824:1¢ +6.17f) 107°). 

(5) Tutton also quotes an article by Holborn and Day 
(Ann. der Phys. und Chem., Vol. 2, p. 505, 1900) in which 
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they state that between 250°-625° C. the formula for Berlin 
porcelain should be 


Le = k(t + .(2954t + 1.1250)107%). 


(6) Mr. Watts, of the American Ceramic Society, 
published,-in the Tvans. A: C.S.,a paper on the coefficient 
of expansion as determined by him on a piece of porcelain 
of the type used in the manufacture of electric insulators 
AitimViCtOL, Nee vce itisyresult, calculated. by ‘the: straight 
line formula, gives as the coefficient of linear expansion 
for this particular porcelain 0.000,005,357. 

Dr Wellormiine Vole Ss .oshnelish. Ger... Soc... rans: 
describes a measurement of the coefficient of expansion 
of some English floor tile bodies. He found their coefficient 
to be .0.000,007,7+: 

These several investigators and their results are here 
tabulated for ease of comparison: 





























Investigators iG pa Formula. yea linear coef. Cubical 

MISMO io Pte nee Pike 15 -100- “lL: = Lo (1 + at) : @.= 0.000,007,7 

Deville and Troost... |Not given |L# = Lo (1 + at) :a@ = 0.0000055 0.000016 to 17 
Watts. ead 19 °243° |Lt = Lo (1 + at) :a = 0.0000054 

Holborn and Wien...| 0°—1500° |Lé = Lo (1 + at) :@ = 0.0000044 

Bedfordy> Ac 23.26 °— 830° |Lt = Lo (1 + (3425t + 1.07¢?)107°) 

CHa ppasine . ote cates. O-— 830 (Li = Vo (1+ (2824t + 6.1727) 107°) 

Holborn and. Day... |250°=' 025° Li = Lo(t + (2954 + 1.125¢7)10 ®) 

TUttoneee Ne a oes LO 20m Wp oe (1 (25 22h 7 ABP) TOW?) 








We have, then, the result of eight independent investi- 
gations, four of which were made on Bayeux porcelain, 
and three of these on portions of the same tube. Of the 
other four, two were upon Berlin porcelain, the third upon 
a porcelain of the American insulator type, and the fourth 
upon an English floor tile body. 

Aside from these investigations we find: 

(8) Le: Chatelier;> H: “Sur’ la dilatation du quartz,” 
Pape oo vin. der rance, Vol. -XIEL, cpp 112-118) 
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Paris, 1890. (In connection with the expansion of clays 
upon burning.) 

Coupeau, M. ‘Etude sur la dilatation des pates céra- 
miques,,. TIT’. Bulls Sec: 7 d-Encour 6 7 ay ear aay OF 
IlI,-1274-1309 (Oct.), Paris, 1898. 

(9) Vogt, Georges. ‘Observations deduites de l'étude 
sur les dilatations ceramiques de M. Coupeau,” Bull. 
Soc. dEncour., 97th year, Vol. III, 1309-16 (Oct.), 
Paris, 1898. 

(10) Granger, Albert. “Etude sur la dilatation des 
pates céramiques,’ Moniteur scientifique, Vol. LI, 385-— 
292, Paris, +1800: : 

(11) Chantepie, M. ‘Sur la dilatation des pates céra- 
miques,’’ Bull. Soc. d’ Encour., 99th year, Vol. VI, 39-55, 
Paris, 1900. (Numerous diagrams and tables.) 

Since the compositions of the porcelain used in these 
tests were not given, nor even available, they have but 
little bearing on the subject in hand. 


VALUE OF SUCH DATA. 


(1) The care which these investigators have exercised 
in their several methods to obtain accurate results has 
shown that they considered it very important to determine 
the coefficient of expansion of porcelain with a high de- 
gree of accuracy. In a majority of cases it was their in- 
tention to use the coefficient in the computation of tem- 
peratures by means of the air thermometer, for which purpose 
each was probably using a porcelain of the type examined. 
If it were of so great importance to know the coefficient 
of expansion of the particular type of porcelain which 
they were then using, of how much more importance is 
it to the manufacturer of scientific apparatus, if not to the 
scientist, to be able to appreciate the effect of variation. 
in his body mix? 

(2) But there is a second, and it would appear from 
a purely ceramic standpoint as a more important reason. 
for the investigation of this matter, and that is the obtaining 
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of data bearing on the fundamental assumptions on which 
many of our theories are based. 

Pinca oli 1, ipris 7250 of i peper’s::Collectedi Writings,’ 
we find this statement: ‘‘The principal difficulties which 
arise in the production of a faultless union of body and 
glaze lie in the different expansions which these experience, 
when subjected to heat.” From this assumption, Seger 
formulated a set of rules for controlling glaze fit.As a 
matter of fact, his rules are workable in some particular 
cases, but there is no proof of the validity of his fundamental 
assumptions. Furthermore, it has not been shown that his 
rules could be used in the manufacture of porcelain for 
scientific apparatus where low coefficient of expansion of the 
porcelain is a desideratum. 

For a number of years, Mr. Stanley G. Burt investi- 
gated the effect of the body ingredients, particularly silica, 
upon glaze fit... In the first two of these papers, he devotes 
most of his attention to flint—its origin, size of grain, 
etc., but in the last paper, he offers a series of what he calls 
“Coefficient Equivalents.’’ He expressly states that these 
are arbitrary figures based upon his own experience. We 
will not, at this time, take issue with him as to the value 
of these figures for controlling glaze fit, but we raise a 
question concerning their value as Coefficient of Expansion 
Equivalents. 

Is Seger’s assumption correct? Is glaze fit a function 
of the relative coefficient of expansion of the body and 
glaze? As an aid in formulating working theories, an 
investigation of the fundamental assumptions is eminently 
worth the while. 


THE PRESENT INVESTIGATION. 


The bodies used are the same as those described by 
Ogden.’ 
Making the Trial Pieces.—The trial pieces for the 


IMprans nA Crs Vol. 3) Doles Volas, pro40: and Vol..7, p. 133: 
2 Page 394, this volume. 
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expansion tests were pressed by hand into plaster moulds. 
In shape, they were rectangular, being 5” long, 3/4” wide, 
and 4/8’ athiek. 

Burning.—The trials were placed in saggars and fired 
with coke for 40 hours until cone 10 heat treatment was 
obtained. In placing the trials in the saggars, the expan- 
sion trials were laid lengthwise on a cushion of sand to 
prevent them from warping or bowing. 

Description of Apparatus First Used.'—In the pre- 
liminary tests the following apparatus was used to determine 
the expansion of the trials. 

Upon a triangular brass bar were mounted two micro- 
scope holders, which could be moved backward and for- 
ward along the bar under control of slow motion screws. 
In these holders were placed two microscopes each fitted 
with micrometers. In the microscopic field on each micro- 
scope were two horizontal parallel cross-hairs, one of which 
was stationary and the other controlled in movement 
by the micrometer wheel. 

Heating of Trials.—It was decided to heat the trials 
by submerging them in an oil bath. For this purpose 
a bath tank was constructed of copper-tin, the tin being 
on the inside as it was less liable to the oxidation effects 
of the oil at high temperatures. The dimensions of the 
tank were 6” in-length, 3” in width;eand 2.1/2” deep. 

At first it was planned to heat the oil by a resistance 
coil, but this proved inadvisable on account of the unequal 
heating of the bath. Finally a resistance pad of asbestos 
wound with No. 28 Climax wire was tried and found to 
work most satisfactorily. 

The following photograph is a view of the complete 
apparatus. 

The space between the tank and the supporting bar 
was filled with a sheet of asbestos to prevent heat from 
causing expansion” of ‘the ‘bar, Small-holes were, leit in 
this packing to allow a sight on the trial piece. 





1 This preliminary work was done by Karl Meuche as a thesis under the direction of 
the senior writer. 


COEFFICIENT OF EXPANSION OF WHITE WARE MIXTURES. 437 


Choice of Oil for the Bath.—This afforded considerable 
trouble as the bath had to be a transparent one and remain 
so at the maximum temperatures used in the test. It 
also had to have a boiling point higher than the tempera- 
tures at which the expansion was to be determined. Lard 
oil, paraffine oil and olive oil were subjected to preliminary 
tests and, while transparent, were found to discolor at high 
heats and lose their transparency. Glycerine was then 





Fig. 1—View showing rear of apparatus with tank. 


tried and found very satisfactory, with the exception 
that it fumed at 150° C., clouding the lens of the micro- 
scope, thus dimming the focus. 

Calculations.—The coeffictent of expansion was figured 
from the formula é 


L,—L 
L= 2 1 ; 
L(t —t,) 
where 
L, = heated length in millimeters, 
L, = original length in millimeters, 


(t,'— t,) = temperature range. 


The Method Finally Adopted.—There are many faults 
in the method just described but the one which really 
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caused its abandonment was the limited heat range. We 
were unable to find a transparent oil which would remain 
fluid over a range of more than 180° C. and as it was desired 
to extend our readings to 500° C., we had to resort to the 
use of a small electric furnace. 

As finally constructed, the furnace was an oblong 
box, built of 1/8” asbestos lumber, and lined to a thickness 
of 3/4” with a mixture of oxychloride cement and as- 
bestos. The inside dimensions of this box are 1 1/2” x 2” x 
6”. In the bottom of this box were placed the five heating 
coils, evenly spaced. Each coil consisted of about 12” 
of doubled and twisted No. 28 Climax wire, wound on 
biscuit porcelain blocks, 1” x 1 1/2” x 1/8”, the wire being 
held in grooves on the blocks by means of a pair of similar 
porcelain blocks which were fastened one to each side of 
tiescore. 

These five coils, connected in series, were sufficient to 
give a temperature in the furnace of 600° C. in about one 
and a half hours, with alternating current at r1o volts 
and 3 amperes, but if heated continuously much above 
500° C., the coils would quickly burn out; hence, no measure- 
ments above 500° C. were attempted. 

The coils being placed, the whole box was covered 
with a flat lid consisting of three layers of 1/8” asbestos 
lumber, firmly fastened together. In. this cover, were 
two window spaces, 11/2” square, and spaced about 4” 
from center to center. ‘These window spaces were covered 
with two thin sheets of mica, each fastened on either side 
of the middle layer of the asbestos cover. 


To facilitate focusing, the furnace rested upon an 
asbestos platform, supported upon three leveling screws. 


In series with the heating coils was a Thomson am- 
meter and a bank of lamps in parallel as external resistance. 


In place of having two microscopes with movable 
cross-hairs, only one was used, the other microscope having 
fixed cross-hairs and no vernier. This simplified the re- 
cording of the data, for with the two verniers, it was always 
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necessary to record the direction as well as the number of 
divisions turned. 

The rods carrying the microscopes were clamped to 
a horizontal rod in a horizontal position but at right angles 
tovit. -in- this way. the “heat iradiated from: the furnace 
expanded the two rods, carrying the microscope farther from 
the first horizontal rod but did not alter the distance be- 
tween them. The first horizontal rod and the upright 
carrying it were protected from these radiations by a large 
sheet of asbestos lumber placed vertically about midway 
between them and the furnace. 

Calibrating the Micrometer.—To calibrate the microm- 
eter, we used a brass standard meter bar graduated to 
millimeters and correct at 15° C. The number of divisions 
necessary to carry the cross-hairs from one side of one 
millimeter division to the corresponding side of the next 
were counted, being careful to always turn the micrometer 
in the same direction to avoid the back lash in the mi- 
crometer screw. 

The first five counts were as follows: 





(23.0 


Initial reading of micrometer......... | 27 20.7 | ae Pigade 
Final reading of micrometer.......... | phew Meeps one} | 769 | 768.0 | 770.5 
Divisions tamed ® bo f200 28 a ee | 749 | 751.6 | 748 TATROL MG ES 











The meter bar was then shifted and a second division 
measured to eliminate the error in marking the meter-bar. 
These results follow: 





TRstig teachin e oie ora 18a r6n3 16 Gay! 16 
Famaliteae tie ris... art). 783 781.0 780 783.0 780 
Divisions turned........ al 7052. O47 ae 764 | 795-3 | 764. 








These ten measurements were then averaged, giving 
756.6 as the number of divisions equivalent to the distance 
between the millimeter division. 

As the meter-bar is correct only at. 15° C., andthe 
readings were made at 28° C., a correction for tempera- 
ture had to be made. This would make the distance 
between the millimeter divisions at 28° C. equal 1.000,244,4 
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mm. This quantity divided by the mean number of turns 
as above obtained makes each division equal to 0.001,322 
mm. No correction was made for the expansion of the 
micrometer screw as it is also of brass and would probably 
expand the same as the meter-bar. 


Had the correction for temperature for the meter-bar 
not been made, the value of one division would have been 
0.001,321,7, a difference of 3 in the seventh decimal place 
for a range of 13° C.; hence, thecvalue forthe nueroemeter 
divisions was not calculated for each of the temperatures 
at which measurements were made. 


A thermometer, suspended with the bulb just on a 
level with the object glass of the microscope when the 
temperature of the furnace was 500° C. and the room 
temperature 32° C., registered 44° C. The same thermom- 
eter, when suspended with the bulb just touching the mi- 
crometer cases and the furnace still at 500° C., registered 
355° C. <li the... mean ot these temperatuiessicgtakeu, 
the correction of the micrometer should be for 25° C. in- 
stead of 13° C., as shown above. This would give a value 
of 0.001,322,3 for each division on the micrometer head. 


SOURCE OF ERROR AND ATTEMPT TO OBVIATE THE SAME. 


We were cognizant of several sources of error and 
attempted to obviate some of them. Some of the sources 
of error, which, because of their irregularity, cannot be 
allowed for in computation, are as follows: 

Unequal Heating of the Test Piece.—On finding that 
the heat distribution did not vary more than o.1° C. in 
any part of the furnace, the trial piece was held at the 
required temperature until no further elongation could 
be observed. 

Expansion of the Bars which Supported the Micro- 
scopes.—This was, so far as could be determined, obviated 
by heat shields. 


Back-lash in the Micrometer Screws.—This was ob- 
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viated by always turning the screw in the same direction 
when bringing the cross-hairs into position. 


Errors in Measurement.—The marks on the trials, 
although made with a sharp steel point, were so wide that. 
it was impossible to use them; hence, the microscopes 
were originally set with their field cross-hairs exactly 
8 em. apart. Small black dots in the lines made by the 
steel point were then so selected that a dot on one end of 
the tile was in an angle of the fixed cross-hairs and separated 
therefrom by a hair line of white; the other selected dot 
at the other end of the tile was similarly situated with re- 
gard to the movable cross-hairs when their intersection 
coincided with the vertical fixed cross-hairs of that micro- 
scope. These dots were then identified by their position 
relative to those of the more conspicuous dots. The only 
error thus introduced was in estimating the width of the 
hair line of white between the dot and cross-hair, but this 
could not be avoided and was found to be much less than 
the error introduced when the dot was allowed to touch 
or coincide with the cross-hairs. 


Irregularity in the Observed Temperature. —Inasmuch 
as we made the reading at 100, 200, 300, 400 and 500° C., 
we had to use a thermocouple and galvanometer, and as 
the divisions on the galvanometer were rather large, an 
error .i.is) ©. inay have ibeen introduced in each oi,-the 
observations. But as the current was nearly constant 
and to insure equal heating of the test pieces, the tem- 
perature had to be held over long periods of time, itis hardly 
probable that the error ever reached this limit. 


Unequal Structure in the Trial Pieces.—It will be 
remembered that all of the trial pieces were made by being 
pressed by hand into plaster moulds. This method does 
not produce a uniform structure throughout the series, 
for the operator unconsciously treats each mixture accord- 
ing to dts) texture. Besides, hand-pressing of brickettes 
always produces structural defects. 

It is proposed that in further work, a uniform struc- 
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ture in the trials will be approximated by casting the clay 
on a plaster slab, cutting the brickettes with a cutter similar 
to a cake cutter, and then pressing them under a uniform 
constant pressure by a method similar to that used in 
making brickettes for tensile strength tests.1. It is also 
purposed to make the brickettes 25.0 cm. instead of 8 
cm. long in order to reduce the accumulated error due 
to all sources. 


DATA OBTAINED. 


The coefficients here given are not offered as the exact 
coefficients for these body mixtures, for while the micrometer 
was accurately calibrated, in none of the readings was any 
attempt made to interpolate between divisions and in 
making the measurements, three check readings within 
one division were taken as final, so that so far as the real 
coefficient is concerned some error may have thus been 
introduced. However, it is believed that the results are 
relative and that they are valuable in discussing the sub- 
ject in hand. Furthermore, considerable dependence can 
be placed in the actual values for the tests were repeated 
three times in all cases and in several, four and five times. 

‘The data obtained are assembled in the following 
tables: 





1 Bull. 9, Illinois Geol. Surv., p. 163. 
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Original length, 80 mm. Each division turned = 0.001322 mm. 
100° C 200° C 300° C 400° C | 500° C 
| 
Z| 6. | ‘ t 
a =, & = S = S = a = 
Gea wet iele e ghee es) 2 | coe S| Buse 
uo < 3) : (3) : (3) : o) . 3) 
“ig | a. a a. a. 
Bee dele ges 8 fee Est 
min|n| Oo |e OP eas tke o |e 3) 
1|27/73|0.06338/173|0.06591|273/0.06295|373/0.06590/473|0.06533 
2|25|75|0.05288] 175|0.05571/275|0.05283|375|0 -053321475|/0.05323 
3|25|75|0.06610]175|0.06886] 27 5/0 .06730|375|0.06678/475|0.06749 
P — 4127|73/0.06338|173|0.06304|27 3/0 .06416|373|0 .06335/473|0.06323 
W 
© §/27|73 0.06338] 173|0 .06400] 27 3|0 .064.16) 37 3/0 .06379|473|0 .06393 
fg  6|28|72|0.06656|172|/0.06629|272|0.06618]372|0.06663/472|0.06617 
7|20|80|0.06817/|180 0.06763|280 0.06787) 380 0.06784|480 0.06747 
8/23|77|0.07082|177|0.07095|277|0.07099|377|O .07057/477 |O .07067 
9|23/77|0.07313/177|0.07188|277|0.07158|377|0.07187 ees: 
1/25|75|0.06390|175|0.06421/275|0.06310|375|0.06346] 47 5/0 .06332 
2|23|77|0.06438]177|0.06535|277|0.06622|377|0.06571|477|/0.06548 
3/22|78/0.06459]178|0.06357|278|0.06329|378/0 .063 16) 4738/0 .06273 
z 4|23|73|0 .06241|173|0.06178/273|0.06235/373|0 -06247|473|0.06254 
ti 5|23|77|0.06009]177|0 .06442|277|0.06025| 377|O.05907|477|0.06029 
&% 6/23|77|0.06224|177|0.06018]277|0 . 060251377 |0 .06049| 477 |0 .06029 
7|25|75|0.06610/175|0.06610]275|0.06610|375|0.06610/475|0.06610 
8|27|73|0.06928/173|0.07068/273/0.07082|373|0 .07082|473/0.07090 
9|29|71|0.07215|171|0.07150|27 1/0.07195|371|0.07 126/47 1|/0.07 192 
ie 
1|26|74|0.05806]174/0.05698|274|0.05729|374|0-.05744|474|0.05752 
2|25|75|0.05288) 175|0.06222|275|0.06009|375|0.05993/475|0.06018 
3|26|74|0.05582|174|0.06077|274|0.05850|374/0.05832/474/0.05859 
% 4|26174/0.05806|174|0.05698|274/0.05789|374|0.05788/474|0.05787 
o 5|26|74|0.06476|174|0.06363) 27 4/0 .06333|374|0 .06363 474|0.06380 
&  6|22/78|0.05508| 178)0.05570|278)0 .05573|378/0 .05508 478|0.05558 
7|22|78|0.06144|178]0 .06313|278|0 .06301|378/0 .06295/478|0.06290 
8|23/77|0.06653|177|/0.06628 277|0 .06622 377\|0.06662|477|0.06651 
9|27173|0.07244|173|0.07165 273|0.07082 373|0.07088|473/0.07119 
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Original length, 80 mm. Each division turned = 0.001322 mm. 


EEE EEEEEEEUEEEE ESSERE 





100° C 200° C 300° C 400° C 500° C 





Temp. range 


Coefficient 
Temp. range 
Coefficient 
Coefficient 
Temp. range 
Coefficient 
Temp. range 
Coefficient 


Brickette No. 
Room temp. 























| Temp. 1ange 


04627|375|0-04627|475|0.04627 
04518] 378|0.04547|478|/0.04529 
04387|375|0 -04406|475/0.04418 
O 
O 


1|25|75|0.04627/175|0.04721|275 
2|22|78|0.04449|178/0.04558|278 
3|25|75|0 -04406] 1175/0 .04435|275 
4|23|77|0.04721|177|0.04668| 277 
5|24|76|0.05217|176|0.05258|276 
6|25|/75|0.05510|175|0.05680}275 
7|23|77|0 -05365|177|0 .05508|277 
8|25/75|0.05723/175|0.05760)275 
9|26|74;0.06700] 174|0.06743)|274 


04936|377|0 -.04646|477|0 .04732 
.05209|376/0 .05230/476/0 .05242 
-05588/375|0-05597|475|0 05566 
-05429|377|0 -05435|477|0 -05439 
-05709|375|0-05729|475|0 -05740 
.06694|374|0 .06672|474}0.06700 





Series Y 
Om On OE10: “Cm Ore® 











Onop, Ou On Or oO Oucy OL ot 





Cd | See 
| 


26|74|0 .04689| 1740 .04747|274|° .04704/374|0 .04728/474]0 04706 
25|75|0.06389]175|0.06232|275|0.06268)375|0.06346| 4750 .06332 


O O 
O O 
26|74|0 .05806] 174|0 .05793|274|0 -05789|374|9 -05744/474|0 05752 
O O 
O 





I 

2 

3 
4|26|74/0.04913|174|0.04938| 27 110 .04945|374|0 -04949|474/0 -04951 
5|26|74/0.04019]174 
6 
7 
8 
9 





.04084|274|0 .04087|374|0.04021|474|0.04097 


Series Z 





O 
27|73|0 -05429| 173|0.05349|273}0 05326] 373|0 05360] 473|0 05380 
23|77|0.05794|177|0.05975|277|0-05787|373|0-05742|477|0-05785 
O 
O 





25|75|0-.05728/175|0.05949| 275/0 -05703)375/0-95729/475)_ -- - 
ee 174|0.04938 Bis Be A ae 474|0.04913 
ey | | | 

| [See V1 | eee 
25/75|0.07051|175|0.06988/275|0 .0697 1/375|0. 06963] 47 5/0 .06958 
28|72|0.06426|172/0.06533|272|/0 .06500|372|0 .06530|472|0.06512 
28|72|0.06426|172|0.06437|272|0 .06440|372|/0 .06441/472/0.06476 
See W 5 
6] 30] 70|0.05366] 170|0.05903|270|0 .05880]370|0.05850 470|0.05907 
7|27|73|0.06620| 173|0.06759|273|0 .06659|373|0.06723/473 0.06743 
8/28}72/0.07115|172|0.07109|272]0 .07 108] 372|0.07107|472|0.07142 
9 | See X 9 






































nb WwW WY 


Series A 











COEFFICIENT OF EXPANSION OF WHITE WARE MIXTURES. 445 





























































































































Original length, 80 mm. Each division turned = 0.001322 mm. 
100° C 200° C 300° C 400° C 500° C 
See Se |B ee key |e) By |B | ey 
Yo : ° ; 9° : Sie) : vo 
|S) O - .S) H oO H S) H 1s) 
I See W3| | 
2|30|70/0.06610/170/0.06610 270|0 .06610 370 0.06387|470 0.06504 
3|26|74|0.06030 174|0.05983 274|0.05971 374|0.05965|474 0.05926 
A 4(26)74|0.05888] 174]0 .05699| 2740 .05730|374|0 -05744|474|0 -05752 
= 5|23177|0 05780] 177|0 .05788)277|0 .05787|377|0 -05753|477|0 -05785 
Hn 6 24|76 0.05217/176|0.05539|276|0.05628]376|0.05669}476)/0 . 05696 
7|27|74|0.04913| 174|0.05390|274|0.05488|374|0.05523|474|0-05578 
8/25/75|0.04846|175|0.05265/275|0.05283/375/0.05288/475|0.05323 
9 See Z 9 
be 
ee | 
: | See X i 
2|28|72/0.05736|172|0.05801|272|0.05772|372|0 .05775|47 2/9 -05734 
3 See Y 3 
4 4 25/75 0.04186] 175|0.04155|275|0.04206| 37 5|0 .04186|475|0.04209 
25 See Z 5 
H 6/26/74|0.06253|174|0.06268|274|0.06212|/374|0.06274|474|0.06240 
7|28|72|0.06885|172|0.06725|272|0.06926|372|0 .06885|47 2/0 .06862 
8|27|73|0.07017/|173|0.06973|27 3/0 .06901| 373|0 .06911|473|0.06917 
9|27173/0.06791|173|0.06782 ae. 373|0.06734/473/0.06748 
lec ie 
I es A OUE | | 
2|29|71|0.05819/171 0.05895|271 0 .05793|37 1|0.05790|47 1|0.05799 
3/29}71|0.06051\171|0.05992|27 1/0 .05976|37 1/0 .05790| 47 1/0 .05939 
A 4|27}73/0.06338| 173|0.06400|273)0 .064.16|373|0 .06380] 47 3/0 .06393 
& 5|28|72|0.06885| 172|/0.06821|272|0.06809] 37 2|0.06797|472 0.06748 
& 6|28/72|0.06197|172/0.06245|272|0.06192|372|0.06219|472|0.06232 
7|26|74|0.06476|174|0.06363|274|0 .06332|374|0 .06362|474 0.06356 
8|24|76|0.06958| 176|0.06948) 276|0 .06945|376|0 .06945|476 0.06943 
9|26|74|0.07146| 174|0.07123)274|0.07117|374|0.07158/474|0.07199 
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The values for ‘‘Elongation’’ were obtained by multt- 
plying ‘‘Divisions Turned’ by the value of each division. 

The values in the column headed ‘‘Coefficient Linear 
10—*’”’ are obtained from the following equation, 


ue 


=C 
L xt 


where 
elongation, 3 
= 80 mm., the length at initial temperature, 
= temperature range, 
C = the mean coefficient thus obtained. 
To economize space in the table, this coefficient has been 
multiplied by 10,000. 

To assist in interpreting this data, a plaster model 
was made (Fig. 2). A triaxial diagram was first laid out 
on a level table top and the bodies located thereon. At 
each point, representing a body mixture, a hole was bored 
into which was fitted a wooden peg. These pegs were cut 
in lengths proportional to the coefficient of the body repre- 
sented. In order that the model might not be inordinately 
high, a flat cut of three inches was made on each peg. 

The method of finding the proper length of peg to 
represent Body V 9, for illustration, whose coefficient 
of expansion is 0.000,007,2, is as follows: 


ee cam es! 


0.000,007,2) X21,000,000.0" = 7.2". 


gees ont: ae wt AGoee 


The peg would be cut to such a length that when 
driven into the table, it would project 4.2” above the sur- 
face. 

When all the pegs had been driven, the space between 
them was filled with clay and the clay worked down to 
a smooth surface just touching the tops of the various 
pegs. From this, a plaster model was cast. 
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DISCUSSION OF DATA. 


General Observations. 


(1) The contour of the model is not a plain, as one 
would be led to expect from Burt’s expansion equivalents. 
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(2) The body having the lowest coefficient is not the 
one containing the most clay or the most feldspar as would 
be expected from Seger’s Laws. 

(3) The body containing 50 per cent. feldspar has 
nearly as great a coefficient as has the body containing 
70 per cent. of flint, the coefficient being 0.000,007,1 and 
0.000,007,2 respectively. 

(4) Probably the most striking feature of the whole 
model is the relatively low coefficient of all the bodies 
containing between 25 per cent. to 30 per cent. of feldspar. 

(5) The minimum coefficient found in this study was 
that of the body containing 30 per cent. feldspar, 30 per 
cent. flint and 4o percent.clay. Inthe immediate neighbor- 
hood of this body there were five others, the coefficients 
of expansion of which were nearly as low. 

Discussion of Data in Reference to Seger’s Laws.— We 
take it that Seger’s laws, derived from experiments with 
white ware bodies, are not to be expected to apply much 
outside of the area of practical white ware body compo- 
sitions, 1. e., 8-20 per cent. feldspar, 40-52 per cent. clay, 
and 28-52 per cent. flint. 

(1) Within these limits, when flint is less than 45 
per cent., we find that with any mixture of flint and feld- 
spar, or even when added at the expense of flint—clay 
slightly increases rather than decreases the coefficient 
of expansion. But even though clay does increase the 
coefficient, it will also cause crazing.’ 

(2) While maintaining flint constant, addition of 
clay at the expense of feldspar, within these limits, also 
increases the coefficient, but does not materially affect 
the glaze fit, 2. “e., ifsthere is perfect accord) between the 
body and glaze, it will not be jeopardized by substituting 
clay for: feldspar, provided always that the total flint 
content is not altered. Yet such substitution would cause 
an increase in the coefficient of expansion. 

(3) Upon adding feldspar to any given ratio of flint 


1 See p. 576, Vol. II, Seger’s Collected Writings. 
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to clay, within these same limits, or keeping clay constant 
and adding feldspar at the expense of flint, decreases the 
coefficient and carries us from the area of fit to that of crazing. 
This is as Seger thought. 

(4) Flint (up to 45 per cent.) added to any given 
ratio of clay to feldspar within these same limits, or when 
substituted for clay, while maintaining feldspar constant, 
slightly decreases the coefficient and at the same time 
carries us from the area of crazing into fit; while if clay is 
maintained constant and flint is substituted for feldspar, 
the coefficient is increased, and at the same time the tendency 
to craze is overcome. . 

(5) We find then that the bodies within this limited 
area (the area of practical pottery bodies), feldspar is 
most active in reducing the coefficient of expansion, and 
the clay the most active in raising it, while flint seems 
to have but slight effect one way or the other, until it ex- 
ceeds 50 per cent. of the total batch. 

(6) Seger says (“‘Seger’s Collected Writings,’’ Vol. 
II, p. 576): ‘‘By increasing the clay. bonding material 
in a body, the expansion of the same with a rise of tem- 
perature is decreased.’’ This we have not found to be true, 
if this statement meant that the clay is to be added to an 
already satisfactory body in amounts only sufficient to 
cause crazing. It is true only after the total clay content 
exceeds 55 per cent. of the batch. 

(7) Again, on the same page, we find the statement 
that ‘‘An increase of feldspar (constant ratio of clay to 
quartz), therefore, acts also in direction of reducing the 
expansion or contraction of the body of the ware.’ This 
is clearly demonstrated by our data. 

(Se areteretice stommilint (quartz), Sezer says)" By 
raising the content of quartz, the coefficient of expansion 
of the body is raised.’ We have not found this to be 
true within practical working limits, but it undoubtedly 
is true after the flint has become 50 per cent. or more of 
the mix. | , 

(9) It may be said then that starting with a practical 
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working body and keeping within practical working limits, 
our data supports Seger’s hypothesis only in one instance, 
z. €., feldspar does decrease the coefficient of expansion. 
Within these limits, however, clay increases while flint 
slightly diminishes the coefficient, effects quite contrary to 
what Seger supposed. 

(10) Examining the coefficient along the craze line 
as determined by Dr. Hecht, we find the following bodies 
situated on each side of the craze line: 

















Crazed Fit 
body coefficient body coefficient 
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It will be seen that three of the seven bodies in the above 
table, under the heading ‘‘Crazed,”’ havea higher coefficient 
than the bodies in the corresponding series which lie within 
the area of “Fit,” also body Z-9, containing 30 per cent. 
feldspar, 20 per cent. clay and 50 per cent. flint, is on the 
opposite side of the diagram from where crazing is to be 
expected and has a coefficient of only 0.000,004,9, or less 
than most of those listed above as ‘“‘Crazed.”’ 
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Fig. 3a. 


Discussing of Data in Reference to the Whole Field. 


(1) Starting with the body having the lowest coefficient 
of expansion (30 per cent. each of flint and feldspar and 
AO: per cent.- of clay)and noting the effect. of increase ‘ol 
flint, keeping the feldspar and clay always in the same 
proportion, we find: 


(a) The: first.5 per: cent..addition -of flint causes’ an 
abrupt rise in coefficient from 0.000,004,1 to 0.000,005,2. 


(6) With “the next::5) per cert, “addition of tint tie 
increase in coefficient continues, but less abruptly. 


(c) With a further addition of 5 per cent. of flint to 


this minimum coefficient body, making a total of 45 per 
cent. flint, we find a slight decrease. 


(d) But with further addition of flint (from 45 to 60 


per cent.) we find there is a comparatively large increase 
in coefficient. 
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The history of an effect of flint similar to this is shown 
ba Hig... 4) | 


Trans. Arm Cer Soc Vol X/// Purdy and Forts 
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(2) The effect of ‘addition of flint to a mixture of 4 
of clay and 1 of feldspar is to be seen in Fig. 5. 

When flint is 40 per cent., the clay and feldspar would 
be 49 ands 12 per cent.. respectively,....1t is to be noted, 
therefore, that this curve passes through the middle of the 
area of practical pottery bodies. 


Trars. Arn Cer Soc. vos, Xt// Puray atid Fons 





(3) The effect of addition of flint to a mixture of clay 
and feldspar in equal proportion is traced in Fig. 6. 

(4) The effect of addition of flint to a mixture of 7 
of clay and 3 of feldspar is shown in Fig. 7. 

(5) The highest coefficient of expansion was obtained 
with the highest content of flint and with it shivering of 
the glaze occurred. This is in harmony with Seger’s views. 
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But, additions of flint did not, at all times, increase the 
coefficient of expansion, nor can the ability of a given glaze 
to stand without crazing be attributed to any particular 
coefficient of expansion of the body. 


ation 





(6)-Neither Hecht nor we found crazing on the body 
which, in this study, has the lowest coefficient of expansion, 
while several bodies with a much higher coefficient did 
cause crazing. 


Trans. Arm. Cer. Soc vo/ X// Purdy and Ports 
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(7) Furthermore, with aigt constant ate 20, peracent: 
we find the coefficient varying with variations in proportion 
of clay to feldspar-((as traced in, Fig. 8)ssmuch more 
abruptly than it did with variations in content of flint. 

(8) With flint constant at 40 per cent. we find the effect 
of variation in clay and feldspar as is traced in Fig. 9. 
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From the curves it will be seen that the maximum 
expansion occurs when any one of the components of the 
mixture is high but that the amount of each required to 


Trans. Am. Cer Soc. Vol, Xi// Purdy and Potts 
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clay respectively, and, furthermore, the expansion of 
all the 35 per cent. feldspar bodies is nearly the same 
as is the case in those containing 55 per cent. of flint, while 
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to have high expansion due to high clay the feldspar must 
be low. These observations lead to the obvious conclu- 
sion that in amounts above 30 per cent., feldspar is more 
of a factor in causing an increase in the coefficient of ex- 
pansion than is flint or clay. In fact, the body with 50 
per cent. feldspar has the same coefficients as the one con- 
taining 70 per cent. flint, the clay content in each being the 
same. 

(9) From, Plate 11;"it “iste. be-seen, that.to- obtain 
a minimum coefficient of expansion requires a progressively 
decreasing ratio of flint to feldspar with each increase 
in content of clay. As the clay increases from 25 to 60 
per cent., the feldspar content of the minimum coefficient 
bodies varies from 30 to 25 per cent., producing the valley 
which, in Fig. 4, is seen to run nearly parallel to the 
feldspar base. 


CONCLUSIONS. 


(1) It appears that the coefficient of expansion of 
white ware body mixtures is more a function of the struc- 
ture attained than of their mineral constitution. 

(a) “As. the feldspar cincreases: aboves 3.00 pele cent. 
the development of bleb structure increases quite rapidly. 
In this series, the body containing 50 per cent. feldspar had 
developed a bleb structure at cone io sufficient to cause 
it to be swollen. 

(6) As the feldspar decreases from‘25 to 1o per cent:, 
the volume of open pores at cone Io increases. 

(c) The bodies containing high flint or high clay 
will be more porous than the one in which the two mineral 
substances are in nearly equal proportions. 

(d) Electrical porcelain bodies of the highest dielectric 
strength contain from 25 to 35 per cent. feldspar, and it 
has been repeatedly proven by Mr. Watts that the dielectric 
strength of porcelain increases with increase in density of 
structure. 

(ce) We are unable to even conjecture what the in- 
fluence of degree of vitrification will be on a given body 
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mixture, but if this supposition proves to be true, we will 
find in the work now in progress that with increasing 
heat treatment, the line of minimum coefficient of expan- 
sion will progress from high feldspar to lower feldspar con- 
tent. 

(2) While we feel unwarranted in saying that difference 
in coefficient of expansion of the body and the glaze is 
wholly without effect on glaze fit, we certainly are forced 
to recognize that the difference in expansion is neither 
the sole nor the most effective cause. 

Even Seger’s rules, as he states them, are contradictory 
in logic. He says that if the glaze has a greater contrac- 
tion than the body, the glaze, on cooling, would crack. 
That much of his. argument is quite: plausible.. Bat at 
the glaze has the larger coefficient of contraction, it must 
also have the larger coefficient of expansion, and, hence, 
to be logical in his conceptions of the situation, he should 
have conceded that the glaze would shiver when the ware 
was heated... But since no one has yet found crazing 
and shivering under one and the same set of conditions, 
we must conclude that Seger’s ideas concerning the cause 
of crazing is neither logical in conception nor in harmony 
with facts. 

(3) Since in other studies, we have found, as did Hecht, 
that a white ware glaze stood equally well on bodies ranging 
from those high in feldspar, which develop a vesicular 
structure when vitrified, to those high in flint which, with 
the same biscuit heat treatment, are not vitrified, 7. e., 
still have open pores, it might be argued that porosity, 
whether sealed or open, facilitates perfect adjustment 
between the glaze and body. And, since our observations 
concerning coefficient of expansion lead us to conclude 
that it ‘was ‘more a/iunction’ of the’ density o1sstructire 
than of composition and since we find the higher feldspar- 
flint bodies have more uniformly high coefficient of ex- 
pansion, we would have both perfect glaze fit and high 
coefficient of expansion function of the same factor, 2. é., 
density of structure, but not necessarily of one another. 
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Not having data on the comparative structural density 
of our trial bodies, we do not feel warranted in conjecturing 
in just what way these three factors may be interrelated. 

(4) If our findings are confirmed by those obtained 
on bodies made from other materials, we can say that 
to produce bodies of low coefficient of expansion and con- 
traction at cone 10, the feldspar content should be between 
25 and 30 per cent. of the total mixture, and that the clay 
should not be lower than 4o per cent. And if our deduction 
concerning the cause of differences in coefficient of expan- 
sion proves to be true, it would be found advantageous 
in the making of low coefficient ware to employ every 
device, mechanical or otherwise, that would increase the 
structural density. 

Lag in the Trial Pieces.—No lag in contraction, or 
permanent set, as it has been called, could be detected, 
although every night the last piece tested was left in the 
furnace and remeasured after 15 hours’ cooling. We 
never failed to find that the test pieces had returned to 
exactly the same length as before heating. 

T. G. Bedford writes of his experience: ‘‘There seems 
to have been permanent changes in the length of the tube 
during the course of the experiments, but these changes 
atemveny ontall-and apparently irregilan. sa 455. Gia. a 
The total increase in length at o° from March 13th to April 
Lothewasso. O24 per (cent, 


DISCUSSION. 


Mr. Binns: I am interested in the model. It eluci- 
dates in such a novel manner the fact that the excess of 
any one component produces the same coefficient of ex- 
pansion as the excess of another. 

We want data of this kind to show the actual behavior 
of the body mixture, apart from the glaze. 

In dealing with any body under a given glaze, you 
cannot ignore the fact that the glaze is feeding on the 
body-substance, dissolving certain parts of the body 
and incorporating them into its own nature. A body 
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high in flint is more apt to do so than is one high in clay or 
in feldspar. That, I think, accounts for the fact that 
we do not find the same behavior in glazes on bodies as 
would be indicated by this splendid diagram. 

You are aware that a large amount of German product 
is imported because of its low coefficient of expansion, 
and that our potters have been only comparatively suc- 
cessful in competing with these imported articles. All 
kinds of hypotheses have been put forth as to the ingre- 
dients used. We have analyzed them and found nothing 
there but normal ingredients. By means of this diagram, 
I think that we can, however, approach pretty near to 
a satisfactory solution of the problem. 

Mr. Purdy: We have made little porcelain crucibles 
out of these same bodies (burned at cone 10), which, when 
placed in a Caulkins kiln and heated to redness, and then 
ducked in water, failed to show any relation between the 
coefficient of expansion and contraction and ability to 
stand ‘that ‘test: 

Mr. Parmelee: Crazing is known to be a very com- 
plicated thing, and the fact that we get this scirrhous 
surface may be explained on the ground that elasticity 
is a much greater factor than it has hitherto been considered 
to be in crazing of a glaze. 


SUBMITTED AFTER HAVING READ THE PAPER. 


Mr. Watts: It is interesting to note that while many 
areas exist within which a slight change in composition 
might cause a great change in coefficient of expansion, 
these areas all lie outside the limits of practical white ware 
bodies. 

A comparison of the findings of these investigators 
working with American materials at cone 10 and my own 
findings when using European materials and firing at cone 
15 is very interesting as throwing some light on the possible 
difference in opinions existing as to the rdle of the various 
constituents in the matured body. 
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These investigators find that, within white ware limits, 
an increase in feldspar at the expense of flint, with clay 
remaining constant, causes a decrease in coefficient of 
expansion. This checks my findings at cone 15 on bodies 
of these compositions. 

Within the above limits these investigators find that 
an increase of feldspar at the expense of clay, with flint 
remaining constant, decreases the coefficient of expansion, 
but does not affect the glaze fit as it would be expected 
to do from Seger’s laws. 

My findings at cone 15 indicate that very little change 
in coefficient of expansion would result from the above 
change in composition. 

This difference in action of clay at cone 10 and at 
cone 15 on given mixtures of flint and feldspar can be ac- 
counted for by the fact that at cone 1o the formation of 
sillimanite by decomposition of clay substance has occurred 
in very slight degree, while at cone 15 it has progressed 
much farther and often, according to Zoellner, amounting 
to a change of 25 per cent. of the clay substance present. 
If this is the cause of the difference in coefficient at the 
two temperatures, the sillimanite must possess a very 
low coefficient of expansion, since it counteracts the influ- 
ence of the remaining clay substance toward increasing the 
coefficient of expansion as it does at cone 10 when replacing 
feldspar. | 

These investigators find that within the practical limits 
of white ware body compositions at cone 10 with feldspar 
constant, an increase of clay at the expense of flint gives 
a slight increase in the coefficient of expansion. 

I found at cone 15 that under such conditions and within 
these limits a very pronounced decrease in coefficient was 
obtained. 

Why flint should be more active at cone 15 than at 
cone 10, I cannot explain. We know, however, that a 
glass containing a given amount of flint possesses a much 
higher coefficient of expansion than a porcelain containing 
the same amount of flint. 
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A comparative study of bodies fired at cone 10 and 
cone 15 indicates that at cone 10 the minimum coefficient 
of expansion is found in bodies containing about 30 per 
cent. feldspar while at cone 15 the bodies with minimum 
coefficient of expansion contain about 15 per cent. feldspar. 
Along either of the above lines the coefficient of expansion 
increases with increase of flint, although in the cone 10 
study this increase is not a uniform rise but, nevertheless, 
a general one from one extreme of the study to the other. 
It must be borne in mind that this 30 per cent. feldspar 
content at cone 10 lies outside the white ware area and, 
hence, is not used in comparison of bodies in that class. 
I merely cite the general fact that in bodies of the minimum 
coefficient of expansion at the two named temperatures, 
the laws of Seger hold good, 7. e., that flint replacing clay 
increases the coefficient of expansion. 


NOTE WRITTEN AFTER READING DISCUSSION BY MR. 
WATTS. 


Mr. Potts: In order to make clearer the relation of 
Mr. Watts’ series to our own and to compare the results 
obtained under widely different conditions, I have prepared 
the curves shown in Plate. I. Mr. Watts’ curves are shown 
in full black lines and the points determined by him are 
represented by solid black dots, while our results are shown 
by dotted lines and our points by small circles. 


The Effect of Variation in Ratio of Feldspar to Flint 
with Clay Constant.— Within the area investigated by Mr. 
Watts, three points are evident. 

(1) The general trend of the curves is the same. 

(2) Mr. Watts’ curve has reached its minimum with 
feldspar and flint in the ratio of 4/6, while our curve con- 
tinues to fall with increase of feldspar until the ratio of 
feldspar to flint is 5/5. 

(3) While in the mixtures he studied, he obtained 
lower coefficients than did we, his minimum coefficient is 
not lower than that which we found. 
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It is well known that at cone 15 the same degree of 
vitrification and the same development of vesicular structure 
is obtained with considerably less feldspar than at cone 
10. ‘This. being the case, these curves show plainly that 
Mr. Watts’ work checks our findings not only as to the fact 
that within the area of white ware bodies, feldspar de- 
éreases the coefficient of expansion but also that the co- 
efficient of expansion is a function of the density of the 
structure. 

At the same time it will be seen that the data of these 
two papers do not support Mr. Stanley Burt’s statement 
“That up to fairly complete vitrification, the higher we 
fire, ‘the greater the‘ coeiicient’’ (Trans, A.C. S., Vol- 
V, p- 342), or the somewhat changed form of the same 
statement as it appears in Vol. VII, p. 125 of the same 
Transactions. In fact, we find, as did Watts, that the 
coefficient of expansion decreases as we approach vitri- 
fication. 

The Effect of Variation in Ratio of Feldspar to Clay 
with Flint Constant.—The curves showing the effect of 
these variations tell the same story, 7. e., the mixture having 
the lowest coefficient at cone 15 contains less feldspar 
than does the one with lowest coefficient at cone Io. 

It is very unfortunate that Mr. Watts’ series are so short, 
because, although the evidence is strong that his work 
supports our findings, it would be much more satisfactory, 
especially in this matter of the relation of the coefficient 
of expansion to density of structure, if his curves extended 
far enough beyond the minimum point to show beyond 
dispute that an increase of either feldspar or clay would 
cause an increase in the coefficient of expansion. 

It is indeed going quite far into the realm of pure 
speculation when Mr. Watts attempts to account for the 
difference in the action of clay under different heat treat- 
ments by the formation of sillimanite. 

This is amply shown by comparing the curve for con- 
stant flint with that for constant clay and noting that there 
is the same sort of variation in coefficient when the clay is 
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constant as when the clay is varying. It will take stronger 
proof than is now at hand to convince me that the forma- 
tion of sillimanite per se is a factor in reducing the co- 
efficient of expansion. 

The Effect of Variation in Ratio of Flint to Clay with 
Feldspar Constant.—Mr. Watts is surely in error when he 
says: ‘‘We know, however, that a glass containing a given 
amount of flint possesses a much higher coefficient of ex- 
pansion than a porcelain containing the same amount of 
flint.’ This, notion of Mr..Watts’.is contrary to the iunc- 
tion Seger assigns to the flint used in the body and in the 
glaze. 

I wonder, too, if Mr Watts forgets that silica glass, 
which Mr. Stanley Burt describes as ‘“‘fused pure silica’”’ 
(Viol Vue p-s34i,01 Tone As. C57), and, which. Mr. ..Watts 
himself used in the construction of his apparatus, has an 
extremely low coefficient of expansion. 

As for the apparent contradiction in the result ob- 
tained in our separate investigations, a study of the two 
sets of data will show that the contradiction is apparent 
rather than real. 

It will be seen that at the high flint end of Mr. Watts’ 
constant feldspar curve, we each obtained exactly the same 
values for the coefficient in spite of the difference in the 
heat treatment which the test pieces received. 

It is equally evident that our curve showing ratios 
of clay to flint of less than 4/6 is merely a continuation of 
his curve. 

The curves do diverge as the clay increases, but, in 
view of what has been said regarding the relation between 
density and coefficient of expansion, it is evident why 
this divergence should be as it is. It is doubtless due to 
the greater density caused by the more intense heat treat- 
ment. 

As further evidence of this, the curve showing the co- 
efficient of the bodies containing 25 per cent. of feldspar 
has been drawn. A glance will show that with clay to 
flint in ratios greater than 1 : 1, this curve agrees remark- 
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ably well with that obtained by Mr. Watts with less feldspar, 
and a higher heat treatment. 

From the very close agreement between Mr. Watts’ 
and our results, it is very evident that there is little ground 
for difference in opinion as to the réle played by the various. 
constituents of the matured body. If by matured body 
is meant the body which is so burned as to have attained 
the greatest possible density, then the indications are that 
we agree. Mr. Watts has failed to furnish any data on 
which to discuss the rdle of the various ingredients in any 
other than thoroughly vitrified bodies. 

It is true that at cone 10 the areas in which slight 
changes in composition cause a comparatively large change 
in coefficient of expansion do lie outside of the area of 
practical white ware pottery bodies. But if the curve 
showing the effect of variation in ratio of clay to flint 
is consulted, it will be seen that within the areas of practical 
bodies, which is represented by the high clay end of the 
curves, a difference in heat treatment from cone 10 to cone 
15 has a more marked effect than has an increase in the 
feldspar content from 15 to 25 per cent. 

In our paper and in this discussion, we have purposely 
refrained from committing ourselves on the supposed re- 
lation between glaze fit and the coefficient of expansion. 
The data at hand, however, do indicate that there is no 
such close relation as has been previously held, but we do 
not wish it to be inferred from this that we believe the 
difference between the coefficient of the body and that of 
the glaze is wholly without effect in the control of glaze 
fit. 

Prof. Binns: I have enjoyed the presentation of this 
paper and particularly the novel and graphic form of the 
solid diagram. As to the facts there is no room for dis- 
cussion, presuming the data: to» be “accurate: ) do now 
think the method adopted for measurement is the most. 
accurate possible but Mr. Watts worked, presumably, 
with another method and secured approximately con- 
cordant results. I do not recall any statement as to the 
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temperature at which the data for the solid diagram were 
obtained, or perhaps the figures taken were the averages 
at all the temperatures dealt with. I should prefer to see 
the work done at a rise of 100 degrees only as it is between 
o degrees and roo degrees that crazing occurs and I doubt 
if the behavior of a given body at 400 degrees or 500 de- 
grees has any necessary bearing on the case. 

; I am glad to see this work as continuing the study of 
coefficients. There have been some less important at- 
tacks upon the problem but before accepting any new theory 
the question herein propounded must be answered several 
times in the same way. - 

Mr. Potts: I am pleased to have Professor Binns 
discuss this paper in the way he does, as his remarks show 
plainly that some points cannot be too strongly empha- 
sized. For example, a considerable portion of the paper 
is devoted to a discussion of the inaccuracies of the data 
and the weak points in our method of measurement. But 
in spite of these, we still have confidence in the relative 
value of the results obtained and Mr. Watts’ results only 
strengthen that confidence. However, we are not yet 
satisfied, and as is plainly stated in the paper, plans are 
under way for a much more extensive, and, we hope, more 
accurate investigation of the whole subject. 

As to the temperature range used, it must be borne 
in mind that at the outset we did not confine ourselves 
to an investigation of the subject of crazing alone, but 
sought to obtain some light on such subjects as, ‘‘A Change 
of Coefficient with Rise of Temperature,’ ‘‘Permanent 
Set, or Lag in Contraction,’ and the like, all of which 
seemed to require as wide a temperature range as possible. 

In reply to Professor Binns’ inferred question as to 
the source of data for the solid diagram, I will merely 
point to the tables where it will be plainly evident that 
it mattered little which set of results were taken: as a 
matter of fact, however, the data used are averages of all the 
results. 

The most surprising feature of Professor Binns’ dis- 


468 COEFFICIENT OF EXPANSION OF WHITE WARE MIXTURES. 


cussion, however, is the manner in which he utterly ignores 
the conclusions drawn. These conclusions were purposely 
expressed in very broad and noncommittal terms, because 
the results obtained surprised even the investigators, but 
their trend was so persistently evident as to demand ex- 
pression. Is it possible that, in our desire to express no 
more than seemed necessary and this only in very general 
language, we have so concealed the points that Professor 
Binns has missed them entirely? 

Mr. Binns: Mr. Potts says ‘‘we are not satisfied” 
and still he asks my attention to certain ‘‘conclusions.’’ I do 
not admit conclusions any more than Mr. Pottsdoes. I admit 
important evidence but am not yet ready to bring in a verdict. 

By this I do not mean to criticize or to belittle the 
work done. It is most excellent but the evidence offered 
is so radical and so subversive of that which most of us 
have held that I think it should be abundantly and ex- 
tensively confirmed before a final judgment is passed. 

Mr. Bleininger: I have had the opportunity to read 
carefully the text of this interesting article, through the 
courtesy of Professor Purdy. In this connection I must 
confess that I was preparing to criticize the method of de- 
termining the coefficient employed by Messrs. Purdy and 
Potts based on the objection that the temperature in the 
box could not have been uniform. But while I still think 
that a resistance pyrometer' using a silver-constantan 
couple would have more truly represented the average 
temperature and while, perhaps, the method was not 
entirely free from optical error due to parallax, it is evident 
that the results are concordant and are exactly what 
Professor Purdy claims them to be. Both, the work, and 
the presentation of the results, and of the conclusions, 
combine to give us a very fine research upon the successful 
finish of which the authors are to be congratulated. They 
deserve the thanks of the Society for this careful and 
logical contribution. 

In the face of their figures any theoretical criticism 
would be out of place, for they represent scientific facts 
which silence assumptions of any kind. 





1 See “Measurement of High Temp.,’”’ by J. K. Clement, Trans. A. C. S,, Vol. XI, p. 
457 (Ed.). 


THE EFFECT OF TEMPERATURE ON THE DIELECTRIC 
STRENGTH OF PORCELAIN INSULATORS.! 


By CHESTER E. HENDERSON and GEORGE O. WEIMER. 


INTRODUCTION. 


The Problem. Practical men, having observed the 
failure of insulators when subjected to abnormally high 
temperatures, and having been unable to account for this 
phenomenon, have sent inquiries to various universities 
for an explanation. 

The authors have attempted, in the following work, 
to obtain data bearing on this problem by subjecting 
suitable test pieces to electrical strain under a series of 
temperatures, working on the hypothesis that with an 
increase in the temperature of the insulator we should 
find a decrease in the dielectric strength. 

The Transformer.—The transformer used for this 
test was a high tension transformer which has a capacity 
of 50 kilowatts at 250,000 volts and 60 cycles. 

The Electric Furnace.—For the lower temperatures, 
the test was carried out under oil; but as the flash point 
of the oil was neared it became necessary to resort to some 
other means for heating the test pieces, and for these high 
temperatures, an _ electric furnace was used. Several 
different designs of furnaces were discussed, but at last it 
was decided to make it according to the following design: 
A porcelain muffle 9” long, 3” in diameter, and 3/8” thick, 
of the same material as the test pieces, was made, treated, 
and fired just the same as the insulators. Upon the muffle 
were wound about 60 turns of No. 19 ‘‘Nichrome”’ wire, 
a special resistance wire. A thick coating of asbestos 
paste was plastered over the wires to confine the heat. 


THE INVESTIGATION. 


Composition of Body.—The body used in this investi- 
gation had the following composition: 


.1 Done as thesis at the Ohio State University under direction of Ross C. Purdy. 
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Petecentg, 
Tennessee ball clay, No. 7.......... Sere ees 2 
‘Tennessee; ball Clay aNG@: 2); yet oh ope 6 
Géor giadeaoldn Y 55 ge ea ea ae as, Sate 16 
American-eurekaW@intacs $2 (8 oe Se pee 
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Preparation of Body.—Two batches of two hundred 
pounds each of the above body were weighed, placed in 
a large ball mill with about two hundred pounds of water 
and ground for an hour. The slip was then screened through 
a one hundred-mesh sieve and filter-pressed. The two 
batches of body were combined into one and pugged in 
a small laboratory brick machine. The clay was then 
placed in stoneware jars (10 gallon capacity) covered with 
canvass sacks, kept damp by occasional sprinkling with 
water, and allowed to age for about two months. 

After aging, and previous to jiggering, small batches 
were wedged to proper consistency on a plaster slab. 

Properties of the Body.—This clay had excellent working 
properties, and gave a very low percentage loss in drying 
and burning. It had the following averages of physical 
measurements: 


Drying smrinkage, a ee eee Ao 
Firing shrinkayeys:soiee hc oboe ee 11.0% (cone 9) 
A bsor plionteGa ieee 2 Wie eae 0.0% (cone 9) 


Forming of the Ware.—The test pieces, which were cylin- 
ders 5 1/4” high; and 3” in diameter, were formed by jigger- 
ing. A ball of the wedged clay was thrown forcibly into the 
mould and the crucible roughly shaped by means of a 
‘‘iolly,’’ the tool being then employed to give the final form. 

Method of Drying.—The filled moulds were placed 
in a gas-fired oven to dry. As soon as the moulds would 
deliver, the crucibles were removed and replaced in the 
oven to finish drying. 

Burning the Ware.—The crucibles were set, bottom 
down on a cushion of white glass sand, in saggars 7” deep, 
11” wide, and 21” tong. The ware was burned, in the 
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No. 1 down-draft kiln, fired with coke. The chamber ac- 
commodated four bungs of saggars, three high. These 
were wadded and securely covered. 

The heat treatment was judged by means of Seger 
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cones. Four pats containing cones 9, 10 and 11 were 
placed in the saggars, one pat in the top and bottom saggar 
at either end of the chamber. For observation during 
burning, four pats containing cones 8, 9, 10 and I1 were 
placed on the covers, one pat on either end of the top 
saggar of the first and fourth bung. 
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Cone 11 was fired down on the outside, and cone 9 
in the saggars. Two burns of about 30 hours each were 
made. 


METHODS OF TESTING. 


Two methods of testing were used. The first performed 
under oil, and the second in an electric furnace. 


The Method of Testing under Oil.—The test pieces 
were inserted between the two electrodes, which were 
made of ‘‘Nichrome’’ wire, and the whole apparatus sub- 
merged in oil, as shown in the accompanying photograph. 
For convenience and safety in heating the oil, it was poured 
into a large glass beaker, which was partially surrounded 
by sand contained in a tub. The tub was placed on a 
sheet-iron plate, resting on a brick support and heated 
by means of bunsen burners. When the desired tem- 
perature (as recorded by means of a thermometer) was 
reached, the piece was tested. Owing to the low guaran- 
teed flash point of the oil used, it was deemed wise to re- 
strict ourselves to a temperature not greater than 240° F. 


Method of Testing in an Electric Furnace.—The ac- 
companying diagram of the electric furnace shows the ar- 
rangement of the test pieces and electrodes when puncturing. 
When temperature tests were made, the insulators were 
treated in a loose sand bath to approximately the desired 
temperature before inserting them into a furnace. 


Data Obtained as Average on 10 Pieces. 























Test No. Temp. in Puncture Remarks 
degrees F. voltage 

HEX NO oh See 70 47500 Tested in oil. 

ata lee Sa Nae 190 44000 . 

eM RE oa Se pees 240 42700 . 
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GENERAL REMARKS. 


Reasons for not Reducing Voltages to a Standard 
Thickness.—Ten separate test pieces were calibrated (see 
data below) and a maximum difference of thickness of 
0.020” was found. At the puncturing voltage in air, it 
was found that one division of the voltmeter scale corre- 
sponded to 6000 volts; also figuring that a standard size, 
0.217 «thick piece” requires, .60,000,,. volts,.6.020° wold 
require 6000 volts; hence, from the above it follows that 
the difference of thickness is within the liability of error 
in reading the voltmeter. 


Thickness 
Number of piece. Inch 
Deg eves Deo poe aly ee tae os ea ae at lage O..2T0 
Oe Pri grag be ee MAUS oer eve ete tare here Mime ee 0.214 
eats Se ee aha Tew RN, et Fc 0.219 
7, SCR iia che A ert R PC Bd WE LON Ii ee ets BS | One 17 
Brg noni ES MONE Jaca aris lg eG EOE EER de ICR RISE Tate acer AS O245 
GRAS. aR tty Wen eae Ae a oy aie ar ene eae ae O5226 
Dems ie RTA AS Gone aR Ne Rt Seren mS 0.206 : 

Dina parent SANs iohion BAU Sache ee at Ren een area Or213 
Oca RISD gee Gn Aaland BAe LS Oe 0.299 
LON So Soe hae: eR eee tae yas 7, Cites, ieee O.207 
Avetage tnickmess sun. vivant abe aie 0.210 


Very few of the insulators were cracked by punc- 
turing. When tested under oil, no arcing occurred; when 


EFFECT OF TEMPERATURE ON STRENGTH OF PORCELAIN. 475 


tested in air they arced before puncturing at the lower 
temperature. At the higher temperatures no arcing oc- 
curred and the deflections were quite regular. 

After the above data had been obtained, it was sug- 
gested that we take some of the insulators, presumably 
punctured at the higher temperatures, and retest them 
at room temperature. To our surprise, six pieces at 
random from those tested at high temperatures showed 
no indications of ever having been punctured; arcing oc- 
curred and a high voltage was required to puncture them. 
Time and material prevented us from making any further 
investigations. 

The result. obtained under oil is not all comparable 
with that obtained by puncturing with air as a medium. 

From the above data it appears that this porcelain 
changes from an insulator at the lower temperatures to an 
electrolytic conductor at the higher temperatures. 

For future investigation the authors recommend the 
study of this porcelain at about 400° F., the temperature at 
which the change probably occurs.! 


DISCUSSION. 7 

Mr. Binns: How did you protect the thermocouple 
from short-circuiting? 

Mr. Purdy: The thermocouple was removed when 
attempting to puncture the porcelain. 

Mr. Binns: I should like to ask whether Mr. Purdy 
has formulated any hypothesis as to the influence of the 
composition of the porcelain on this point. 

Mr. Purdy: That question was not taken up at all. 
We have not attempted to do any theorizing upon it. 

Mr Stover): I have some. data: on that: isubject.. : I 
Haye never been ablesto. find ‘the principle, but: Dr: C.. B. 
Thwing, professor of physics in the Wisconsin University, 
had a formula for figuring the electric capacity of materials. 
I figured out the materials which are used in making our 
wares, as follows: 





1 See Trans. A.C. S., Vol. IV, p. 97, for similar results on glass quoted by Watts (Ed.). 
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2.6 X density = electrical inductive capacity. 





Now these are the electrical inductive capacity of these 
materials as figured on the Thwing formula. The formula 
was on the basis of 2.6 times the density. I submitted 
these figures to Dr. Thwing and he said that they were 
COLrect. 

Mr. Binns: Tf I recall aright, Mr. Watts, in his paper 
on electrical porcelain, alluded to the glassy content of 
the porcelain as influencing its dielectric strength. I 
think that this is rather important, for it would seem 
perfectly possible that a porcelain might be composed 
that would offer more resistance than another. In the 
ordinary’ usage of insulator, naturally heated up by the 
electric current, at what point does it become heated in 
practice on the passage of a high-tension current? 

Mr. Watts: A good insulator in practice is not likely 
to heat ‘up at all except in the sun’s rays. ,; Of course, 
there are instances in which they are subjected to the heat 
of the sun. In that case they become very hot; and this 
decreases their insulating value as evidenced by the fact 
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that in hot climates people have had trouble with the same 
insulators which work well when cold. 

The value of an insulator is in proportion to its re- 
sistance to electrical conductivity. If on being heated 
by the sun’s rays the insulators should begin to conduct, 
it will be further heated by the current passing through it 
until either punctures or. ceases’ to be’ an insulator at 
all. 

Mr. Purdy: The next point for investigation is whether 
a porcelain insulator is a conductor at all at temperatures 
below 4oo° F. If insulators were heated up from room 
temperature under a stress of about 20,000 volts to the 
temperature at which it would puncture, would there be. 
any conduction by the insulator prior to being punctured? 

, Mr. Parmelee: How does this fact enter into the 
construction of the wired electric furnace with porcelain 
‘plate, for instance, such as you showed yesterday with 
the expansion test? Is there any record of puncture of 
titeses plates? 

Mr. Purdy: No. In that case it becomes a question 
of which of the two materials offers the most resistance 
at the temperature attained. 

We have just had a case of another sort but which in- 
volves this same phenomenon. The students made a furnace 
by winding nickel-chrome wire around a porcelain tube, 
packing the wound tube in a thin layer of magnesia paste 
anaminal yori asbestos: Onthe frst trial® the furnace 
worked beautifully, no trouble being experienced in ob- 
taining whatever heat we desired. After having cooled to 
room temperatures, however, they were unable to re-heat 
it. On taking the furnace apart we found that the mag- 
nesia, asbestos, wires and porcelain had been fused to a 
glass. The glass, when hot, was a conductor, but when 
cold, it was a non-conductor. 

Mr. Stover: The trials of Dr. Thwing make me think 
that if that were true in all matters, then a fine-ground 
material or a well fired material would stand heat better 
than this. 
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Mr. Purdy: His formula does not apply here. The 
true density of porcelain is 2.6 when green, and still is 
2.6 when. burned to vitrification. Hence, how can we 
employ his formula? The increased density that you 
have in mind when you speak of increased degree of vitri- 
fication refers only to the structure and not to the material 
itself. 


RELATIVE SOLUBILITY OF CLAY AND FLINT IN FELDSPAR. 
By Ross C. Purpy, Columbus, Ohio. 


This subject has been discussed before by Binns,} 
Mellor? and Watts.* All of these writers agree that in 
feldspar, clay is more soluble than flint. 

Binns based his conclusion on the observation that 
when he fused clay and feldspar together he obtained a 
glass which was transparent, while with flint and feldspar 
the resultant glass was translucent rather than trans-. 
parent. 

Mellor based his conclusion on microscopic evidence 
that when a mixture of clay and feldspar is heated, the 
china clay particles appear to lose their identity before 
those of flint. In his first report he expresses the belief 
that ball clay is not so readily attacked as china clay, 
notwithstanding the fact that when heated alone the ball 
clay begins to fuse at the same temperature (1100° C.) at 
which the china clay particles begin to lose their identity 
in the feldspar magma. In his second report, Mellor says 
that ‘“‘Under the ordinary conditions of firing in potter’s 
ovens, feldspar can dissolve approximately 20 per cent. 
of china clay to form a clear glass solution, while feldspar 
under the same conditions can dissolve about 15 per cent: 
of flint.” 

Watts (page 187, loc. cit.) quotes Behrens in the con- 
clusion ‘‘that the clay substance, on account of its small 
grains and amorphous condition, is more dissolved by the 
mortenielispar thancis" quartz; ot er). ka “By the firing 
of a porcelain containing quartz most of the quartz par- 
ticles are externally dissolved and covered with a coating 
of silicate preventing any further attack.”’ 

Watts cites Zoellner (page 189, loc. cit.), to the effect 
that specimens without sillimanite structure exhibit a 
faint earthy yellow translucency and granular fracture, 


1 Trans. Amer. Cer. Soc., Vol. V, page 290. 
2 Trans. Eng. Cer. Soc., Vol. VI, page 75. Trans. Eng. Cer. Soc., Vol. VII, page 97. 
3 Trans. Amer. Cer. Soc., Vol. X, page 187. 
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while those with sillimanite structure display highly uni- 
form bluish white translucency’ and a smooth fracture. 
Zoellner is further quoted to the effect that feldspar is able, 
in the heat of the porcelain kiln, to dissolve 14 per cent. 
clay substance and 60 to 70 per cent. quartz. 


On” page 167, 1oc.. cit. Watts, in dis Suininal ya. llces 
these words: ‘‘As a temperature rises, the feldspar be- 
comes more active, dissolving first the clay substance 
and later the flint particles until at cone 10 the porcelain 
begins to show evidence of sillimanite crystallization.” 


On page 199, loc. cit., Watts says: ‘“‘In the proportion 
of -70%, per, cent... clayedand.30 per centeteldspar. and siren 
at..cone 12\.1n.a.40-hour, burn, J find that the ball “clays 
display notably less solubility in the fused feldspar than 
do the china clays, although the ball clay porcelain dis- 
plays: by farithe finer texture, 3 


Of the above citations, all but one, that by Zoellner, 
state that in feldspar, clay is relatively more soluble than 
flint. Zoellner is the only one of these observers who speaks 
in quantitative terms; the others merely base their state- 
ments on inferences. If Zoellner’s explanation of the cause 
of difference between the transparent and the translucent 
fusions is correct (and it seems logical), then the basis on 
which Binns drew his inferences is not tenable. I hesi- 
tate in placing confidence in microscopic observations by 
those who are not thoroughly experienced in this method 
of study. It requires long experience and careful training to 
be able to use the microscope with precision. I have at- 
tempted this same sort of microscopic study on two different 
occasions and finally concluded that I was incompetent to 
report what the microscope could reveal to one trained in 
microscopic work, and on one of these occasions? I referred 
the matter to an experienced petrographer. 


My contribution to this discussion is mainly based 
1 Compare with Binns, Trans. Amer. Cer. Soc., Vol. V, page 290. 


2 Compare with Mellor, loc. cit. 
3 Geol. Surv. of Ill., Bull. 9. 
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upon the work which we have done on white ware body 
mixtures in the laboratory of the Ohio State University. 

(1) In the first place, neither we nor any other ob- 
server found a eutectic mixture between clay and feldspar, 
while we, like many others, have found a decided eutectic 
between feldspar and flint. In the clay-feldspar mixtures, 
we find none that will deform easier or earlier than will 
feldspar alone and none which, when completely fused, 
will be as liquid. With the flint-feldspar mixtures, on the 
other hand, we find one which will not only deform more 
easily and much earlier than will feldspar alone, but when 
fused, is more fluid. 

(2) A study of the comparative translucency of 109 
mixtures of clay, flint and feldspar, representing the entire 
area of a triaxial plotting of these bodies, brought out 
the fact that translucency decreased with increase of clay 
and that lines of equi-translucency radiated from the flint 
apex, Swinging more and more toward the feldspar corner 
of the triangle as the biscuit heat treatment increased 
in intensity. 

(3) We found that in the Crammer warpage test 
we had the maximum warpage in the eutectic area, the 
tendency to warp being but little affected by flint additions, 
while it was decidedly decreased with each increase in 
clay. 

(4) Hecht, Bleininger and Stull, and we found that 
porosity decrease was more rapid in the high flint bodies 
than in the high clay bodies. 

(5) A study of Simonies curves of equi-refractoriness 
discloses the fact that in every instance, mixtures of equi- 
refractoriness can contain more flint than clay. 

I take all of these as evidences that in feldspar, flint is 
more soluble than clay. 


DISCUSSION. 


Mr. Watts: Btinzli found that he could dissolve 
in feldspar about seventy per cent. of its weight of flint 
in a crystalline form, and as high as one hundred per cent. 


482 RELATIVE SOLUBILITY OF CLAY AND FLINT IN FELDSPAR. 


of the flint in its amorphous form; and Zoellner, at cone 
15, found that he could dissolve flint in feldspar to the 
extent of about sixty per cent. of the volume of the feld- 
spar used. 

The proposition, as brought out by microscopic study, 
rather puzzles me. If you have a body of the composi- 
tion of, say, thirty per cent. of feldspar, thirty per cent. of 
flint, and forty per cent. of clay substance, the latter is 
very finely divided, and forms the bond in the plastic 
state for the material. If you study the development of 
the structure of the pieces through the different ranges of 
firing, you will find that in the above body, up to cone 9, 
the feldspar exists as spots or isolated particles, enclosed 
in a scum or thin coating of these small, round globules, 
like fish-roe, which we are led to assume is clay substance 
because we cannot account for it in any other way. As 
the temperature rises, the flint particles remain intact, 
with sharp edges. As the heat is increased, the particles 
of clay substance seem to be absorbed into the feldspar. 
I consider that this must be the case, because, without 
destroying this barrier of clay substance, which must act 
as the scum and surround all particles of flint.and feldspar, 
the feldspar could not get to the flint to attack it. Even 
with increased temperature, when this evidence of clay 
substance has entirely disappeared, you still have your 
particles of flint. The conclusion that I draw from this is, 
therefore, that the feldspar must attack the clay substance 
before it can get at the flint, and that then it does un- 
doubtedly attack the gray particles of flint. The chief 
drawback in an investigation of this point would be the 
difficulty of obtaining the flint in such a fine state of divi- 
sion that you could compare the solubility of the one with 
that of the other. If you do not do that, you must fuse 
and re-fuse, until you get the maximum amount of the 
two substances in solution, as Day and Allen did. I do 
not think that from the study of microscope slides we can 
tell anything about the true solubility of one or the other 
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of these materials, that is, the relative solubility; be- 
cause we are misled by the fact that the flint particles are 
so much larger. 

The actual data indicate that flint is more soluble 
than clay. I am not prepared to contradict that, nor to 
admit that it is correct. If a given quantity of feldspar 
is saturated with flint at a given temperature, it probably 
could not then take into solution the full amount of clay 
substance which it would be able to dissolve, if no flint 
were present and vice versa. 

The feldspar might take clay substance into solution 
and make a more viscous mixture. At the same time, it 
might take flint into solution. There is the proposition 
of the fluidity of the resultant molten mass, as well as 
the problem of the solubility. Warpage does not depend 
entirely on solubility, but on the fluidity of the resultant 
fusion. 

Mr. Binns: I should like to ask what evidence there 
is of solubility at all? Mr. Watts stated that a certain 
investigator had found that a large amount of one substance 
was dissolved in another. How does he know that? What 
is the test of solubility? 

Misa Watts. 2) cannot “tells: The investigator. was 
evidently of sufficient standing to impress those to whom 
he spoke, for they did not dispute his statement. Btinzli 
is considered an authority on such things, and Zoellner 
is a man recognized as a leader in the circles in which he 
goes, and I took their statements for facts. 

Mr. Binns: The remark that I made was based on 
tmicmiach) 7 ves, that when ) made,a mixture of feldspar 
and clay, I got an almost transparent glass, but that as 
soon as flint was introduced the mass began to be opaque, 
and became apparently more and more white and opaque 
as the flint increased in amount. I therefore deduced 
the apparently obvious conclusion that clay dissolved 
in feldspar, and flint did not. The evidence of the eutec- 
tic point between feldspar and flint does not necessarily 
cover this point, because I do not know that there is neces- 
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sarily any connection between the mutual solubility of 
the substance and the point of the eutectic. We do not 
consider the actual fusing point, or melting point, or what- 
ever it should be called, a eutectic. I will use, as an ex- 
ample, Belleek, which contains a very small proportion of 
flint::It.is’ more: translucent> thanar-body birning? rat 
the same fire in which the flint is in excess. The feldspar 
seems to have taken the clay into solution. On the other 
hand, when flint is added to a similar body, it at once 
increases its opacity. I drew these conclusions, but do 
not want to insist upon the view, except to stimulate 
discussion and to point out the necessity of being careful 
to use terms expressing exactly what we mean. 


Mr. Eleod: It is known that in making china without 
ball clay, the deforming point is much closer to the point 
of vitrification. As soon as you use the ‘ball clay, the 
distance between the point of vitrification and the de- 
forming point is gradually increased from two to four cones. 


Mr. Watts: In connection with what Professor Binns 
said, I should like to explain that the customary method 
of determining solubility in some of the research labora- 
tories of Europe is by the use of polarized light. I know 
that in some investigations of the solubility of other mate- 
rials, and also in connection with some determinations 
of the solubility of flint, they made slides and studied 
them under the microscope; and by means of polarized 
light, noted whether there was any evidence of another 
material being there. I was told that this was the best 
indication that they had, or that was in the possession of 
the persons with whom I was talking of the existence of 
a foreign material in the molten mass. I think that the 
researches on the solubility of flint in feldspar were made 
by means of this method. 

Mr. Binns: I think that this method is adequate 
in dealing with the solubility of flint. The fused feldspar 
would be black in the polarized field, and you would see 
only the crystals of undissolved flint, as they caught the 
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light. The clay is not crystalline and it would be seen 
as well in the open field as with polarized light. 

Mr. Bleininger: The difficulty of microscopic ex- 
aminations with reference to solution has been exaggerated. 
While, of course, the ceramist cannot be expected to de- 
termine by the customary methods (index of refraction) 
the crystalline systems of the bodies formed, he should 
be able to determine a case of solution. 

Mr. Watts: I am not discussing the problem of de- 
termining to what extent clay substance is dissolved in 
feldspar, but flint. 

Mr. Purdy: You use less temperature, less time, and 
less effort to get flint into solution, and since solubility 
is merely a relative proposition, flint must be more soluble 
than clay. 

Mr. Bleininger: 1 should like to ask Mr. Purdy 
whether he has made these experiments with the tem- 
perature constant? 

Mr. Purdy: Our only experience with heating these 
mixtures at a constant temperature is the burning of these 
109 trials at one and the same time in a kiln. We found 
the greatest translucency, greatest liability to warping, 
least porosity, etc., in the flint-feldspar part of the dia- 
gram. We have never attempted to make a careful fusion 
between feldspar and flint, nor to determine the relative 
solubility of clay and flint in feldspar. That is a proposi- 
tion beyond the possibilities of our equipment, but Mr. 
Watts has quoted the figures showing that flint is much 
more soluble than clay, and our practical experience checks 
that. 


NOTE PREPARED AFTER HAVING READ THE PAPER. 


Mr. Binns: Prof. Purdy criticizes other investiga- 
tors for indulging in ‘inferences’? but he himself draws 
larger inferences than any one. Admitting that his state- 
ments as to eutectics and deformation are correct there is 
no evidence whatever that a reference of these phenomena 
to solution is anything but an inference. 


486 RELATIVE SOLUBILITY OF CLAY AND FLINT IN FELDSPAR. 


To illustrate from aqueous solutions the more soluble 
a substance is; the more viscous will the solution be. A 
salt like calcium chloride can be brought into a solution 
which has almost the consistency of a syrup, while a solu- 
tion of a sparingly soluble salt will be almost as fluid as 
water. From this it may, be argued that the solubility 
of clay in feldspar is the direct cause of the absence of 
deformability from which Prof. Purdy draws his inference. 
Another point may be mentioned in regard to the micro- 
scopic examination. In a mixture of feldspar and quartz, 
as soon as the temperature becomes sufficiently high, 
1. e., ‘‘in the heat of the porcelain kiln,’’ the quartz grains 
lose their crystalline structure without entering into solu- 
tion. Their outlines can be clearly perceived after they 
have ceased to show any extinction phenomena between 
crossed nicols. I hesitate to question the accuracy of 
an observer like Zoellner but the fact mentioned must be 
taken into account. 

I think a good deal of the difference of opinion lies in 
a lack of standardization. In order to be comparable, 
the experiments should be made with quartz, clay and 
feldspar of the same nature and the same size of grain. 
There will be great differences in results when any source 
of variation is introduced. 


Mr. Kerr: The work of various investigators has 
tended to show that when flint and feldspar are fused 
together a eutectic is formed, while in clay-feldspar mix- 
tures no evidences of a eutectic have as yet been reported. 
In several papers, Prof. Purdy has reviewed the work 
done by these investigators. 


In the fusing of any ceramic mixture the fundamental 
phenomena are (1) the liquefaction of some one part of 
the mixture and (2) a subsequent dissolving of the re- 
mainder of the mixture in the liquefied part. Of course, 
in complex mixtures, secondary fusion and solution phe- 
nomena must complicate the situation, but in all cases 
the essential phenomena are a fusion of a part and a dis- 
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solving of the remainder in the fused part. Now in clay- 
feldspar mixtures, the phenomena of fusing, so far as we 
are now able to judge, consists of the liquefaction of the 
feldspar and then the dissolving of the clay in the liquid 
feldspar. In the flint-feldspar mixtures on the other hand, 
the first thing to liquefy is the eutectic and following that, 
the excess of either flint or feldspar (which ever one is 
present in greater proportion than that representing the 
eutectic mixture) is dissolved in the eutectic. Strictly 
speaking, we cannot refer to the solubility of flint in feld- 
spar, because the flint (if present in excess of eutectic 
proportions) dissolves not in the feldspar but in the eutectic; 
and if the flint be present in less than eutectic proportions 
it will go with part of the feldspar to form the eutectic 
and the remainder of the feldspar will be dissolved in 
this eutectic. We must not lose sight of the exceedingly 
vital point—what constitutes the actual solvent in any 
particular case. 

- There is one point to which special attention should be 
called; 2. e., the nature of the feldspar used. ‘The samé 
consideration should probably be applied to all materials 
used but in the present instance the feldspar is apt to be 
the most misleading. The various investigators have not 
used pure feldspars of known composition and properties 
and it is easily conceivable that the variations in results 
obtained might be traced to differences in the original 
feldspars. It is quite certain that a pure orthoclase would 
give results quite different from those obtained with an 
impure oligoclase containing a relatively high percentage 
of clayey and siliceous materials. It should be especially 
urged that for laboratory investigations bearing upon 
points such as the one under discussion, the materials should 
be as pure crystalline materials as it is possible to obtain. 
Especially is this true with feldspars. 

Perhaps the fact that Dr. Mellor’s results disagree 
with those of Zoellner, for instance, is due to differences 
in the feldspars. Certainly, the fact that Dr. Mellor stands 
as the foremost physical chemist interested in ceramic 
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work and as one of the greatest physical chemists of the 
day, must add great weight to his opinion. 

But taking all present data into consideration one 
must agree, in substance, with Prof. Purdy, that in feldspar- 
flint as compared with feldspar-clay mixtures, under 
similar conditions, more flint than clay is taken into solu- 
tion. In feldspar-flint mixtures the eutectic is the solvent; 
in feldspar-clay mixtures, the feldspar is the solvent. 


THE CAUSE AND CONTROL OF THE MOTTLING OF 
ENAMELS ON METAL. 


By Homer F. StTaLey, Columbus, Ohio. 


In order to be readily salable, one coat gray enameled 
ware must have a rather evenly mottled or spotted, light 
gray surface. In evenly coated ware the gray background 
is the natural color produced by covering the steel with 
enamel. The darker spots are due to the production of 
corresponding spots of ferric oxide precipitate in the enamel 
coat before it is fired. 

The production and control of these dark colored 
mottles is an interesting application of chemistry to manu- 
facturing. While the principles involved are rather simple, 
the conditions of success fall within quite narrow limits 
at several points in the process, and narrow limits are 
hard to observe in a factory. 

The steel shapes are first annealed, then pickled in 
acid to premove oxide and ‘scale. Hither H,SO; or “HCl 
may be used as pickling acid. If oil of vitriol, 65° Bé. 
i007, 4s used, the solution should contain 10 per cent. 
acid. If commercial hydrochloric acid is used, the solu- 
tion snould scontain 33 1/3 per cent. of the acid. “Since 
65° Bé. H,SO, contains 90.05% actual H,SO, and commercial 
My otacione. (Ol imutiatic) “racid,)cettain 27. per “cent. 
actual HCl, these proportions give about 9 per cent. actual 
acid in the pickling solution. New acid gives a bluish gray 
cast to the ware and works slowly so some old acid should 
be present. 

The reactions taking place in the pickling tank, using 
HpoO}, are: 


(1)' Fe +/H,S0, := FeSO, + H.,- 
(2): He,Os24 25 0,7 -+) Hy = 2 FeSO; +:3H,0. 


When clean and bright, the shapes are removed from 
the pickle, allowed to drain roughly and then quickly 
conveyed to the enameling room and immersed in a tank 
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of water. By this means an amount of acid and FeSQO,, 
rather constant in proportion to the area of steel treated, in 
transferred to the storage tank which is thus maintained at 
a rather uniform degree of concentration in H,SO, and 
FeSO,, sometimes without the knowledge or intention of the 
operators. 

If too much time is lost in transferring the ware to 
the storage tanks, oxidation takes place, resulting in the 
formation ‘of a coating of Fe,O, and FeS5O,’on the suriace 
of the ware. This coating may not be dissolved in the 
dilute acid of the storage tank. While Fe,O, is produced 
intentionally, a little later in the process, it is produced, 
not as a scum on the steel, but as a stain in the enamel. 

When a shape is removed from the storage tank, 
it is wet with a dilute solution of H,SO, and FeSO, The 
enamel slip is rather strongly alkaline from the solution 
and hydrolysis of finely ground enamel. The reaction may 
be represented schematically as follows: 


(3) Na,SiO, + 2HOH = 2NaOH + SiO,.H,O. 


On coating the shape with enamel by dipping, the 
following reactions take place in the enamel coat: 


(4) H,SO, + 2NaOH + excess of NaOH = Na,50O, 
+ 2H,O + excess of NaOH. 

(5) FeSO, + 2NaOH + excess of NaOH = FeO. 
H,O + Na,50, + excess of NaOH. 


In the warm room the hydrated ferric oxide rapidly 
oxidizes. , 


(6) 4[FeO.H,O}] + 2H,0 + 0, = 2[Fe,0,.3H,0}- 


_ The iron precipitate first appears on the freshly dipped 
ware as minute green specks of hydrated ferrous oxide. 
These spots rapidly change to the well-known brown color 
of hydrated ferric oxide and gradually grow larger. The 
speed of drying determines the size to which the spots 
erow, the slower the drying, the larger the spots. Other 
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things being equal, the speed of drying also determines 
the number of spots which appear, the slower the drying 
the larger the number of spots. Therefore, in order to 
secure uniform mottling, careful regulation of drying 
conditions is necessary. 

Onwirinirtthe swarewtienirony spots: first<fuse<to the 
deep red-brown color of anhydrous oxide of iron. On 
further heating, the red color disappears, leaving the glass 
Hams parcntmd tes heavier thesiron precipitate, that 1s, 
the more concentrated the spots are in iron, the longer 
imiisy (bhempiece be theated: sii the -iron- content of the 
spots is too high, the ware will be overfired before they 
lose their color. 

The production of the dark spots by the precipitate 
of iron oxide does not seem to be due so much to a staining 
acwomreas eto a luxing action, . [he presence sof: the iron 
causes the spots to fuse to a transparent glass, while the 
rest of the coat is still opaque, due to undissolved clay 
or other raw material. If the piece is fired long enough, 
the light portions gradually lose their color and become 
indistinguishable from the iron spotted portions. 

Since the production of a proper mottling is due to 
the slight fluxing action of a little oxide of iron, it is clear 
that uniform grinding of the enamel and coating of the 
ware is necessary. Any small lump of material and any 
heavily coated streak or spot will show up as a light spot 
irrespective of whether it was spotted with iron before 
firing or not. Likewise, any especially thin spots will 
burn to a dark color. Poor grinding and dipping will 
always produce poor mottling. 

The conditions that may cause poor mottling may 
be any of the following: 

I. The presence of scales of iron oxide on the ware: 
This may be caused by insufficient pickling, too much 
delay in transferring the ware to the storage tanks for 
pickled shapes, or too much delay between taking the ware 
from the storage tanks and dipping it. These scales result 
in an evolution of gas, probably imprisoned air, that causes 
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pin holes. If the scale breaks loose from the steel, it floats 
to the surface of the enamel, causing little rough scabs. 

II. Too little hydrated ferrous oxide on the ware: 
Result would be too few spots. 

III. Too much ferrous sulfate on the ware: This 
may be caused by transfer of too much ferrous sulfate 
from a pickling vat containing a strong solution of this 
salt or by the transfer of too much acid which produces 
ferrous sulfate on the ware in transferring and in storage 
tank. Also, if the storage tank water is too acid and ware 
is allowed to stand too long between removal from the tank 
and dipping, a heavy coating of FeSO, is formed on it. 
The result is a heavy precipitate of ferrous oxide on the 
ware, producing many large spots all high in iron. The 
ware must be overburned to get rid of the red color. | 

IV. Allowing the storage tank water to become alka- 
line: Hydrated ferrous oxide would be produced in the 
vats and not at all on the ware. This would be an unusual 
happening as the vat water is generally decidedly acid. 
There would be a possibility of this taking place, however, 
if enamel is allowed to get into the vats, for instance from 
the hands of workmen or from washing off pieces that have 
to be redipped. Acid is not necessary to produce the 
spots as shown in equation 5, but it is safest to keep the 
storage tank water slightly acid. 

V. Allowing the enamel to become acid: Result is 
miserable-looking ware without any true mottling and 
without a gloss. This might result by means of long con- 
tinued dipping of ware wet with a strongly acid solution 
into a slightly alkaline batch. The least soluble enamels 
would be liable to give this result because their solutions 
are the least alkaline. 

VI. Too long or too hard firing: The white back- 
ground will become transparent and so destroy the mottling. 

In addition to these especially enumerated causes are 
the defects due to poor grinding and dipping, improper 
regulation of drying, etc., discussed in the earlier part 
of this paper. Of course, it will be understood that wherever 
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I have mentioned sulphuric acid or one of its salts, hydro- 
chloric acid or one of its salts should be substituted if 
hydrochloric acid is used for pickling. 

The rather common practice of trying to control 
the mottling by keeping the acidity of the water in the 
storage tanks uniform does not seem to be feasible. We 
have attempted to show that an equally important factor 
in the storage tank water is the content of iron in solution. 
The iron content of this water as well as the acid content 
should be kept as nearly uniform as possible. 


RESISTANCE OF SHEET STEEL ENAMELS TO SOLUTION BY 
ACETIC ACIDS OF VARIOUS STRENGTHS. 


By RosBerRT D. LANDRUM, Canandaigua, N. Y. 


Certain enameled wares have been advertised as capa- 
‘ble of. withstanding. $0. per cent. Ot oGupet cent saceic 
acid solutions, and although this was found to be a true 
statement still it was misleading, for these very wares 
were unable to resist the action of ordinary vinegar which 
contained but 5 per cent. acetic acid. This phenomenon is 
explained by the chemist as being due to the fact that a 
5 per cent. solution of acetic acid is very much more disso- 
ciated than one of 80 or go per cent. and therefore its dis- 
solving action (which is directly proportional to its disso- 
ciation), 18° much: the ereater, 

To show the action of various mixtures of this common 
cooking acid and water, the two series of tests were made 
upon enamels typical of some of the cheap wares on the 
market. 

The First Series of experiments was made upon a 
gray enamel, mottled with dark brown. das the dark 
enamel was made up from residues, and as the proportions 
of the two enamels on the dishes is uncertain, the exact 
molecular formula of the finished enamel coating cannot 
be given, but the formulas as calculated from the batch 
mix of the gray enamel and the analysis of the dark enamel 
frit (before milling) is given below. 


THE ENAMELS. 


Soft Gray Enamel.’ 


0.667 Na,O 1.065 SiO, 
0.108 K,O 

6083 CaO} 0.272 Al ,Giv07402 2.02 
0.057 MgO 

0.085 ZnO 0.5 20 Fy 


Milled with 7% clay. 





1 So called, as it is translucent instead of opaque and when milled without tin oxide— 
as was the case above—the dark ground coat shows through giving a gray effect. 
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Soft Dark Enamel for Spray. 
.430 Na,O | : {r.700 SiO, 
.083 K,O 
A200 Cae) 

:045 MgO’ ;}.0.114- ALO, 50.430 BO, 

.056 CuO 

.o10 CoO 

.176 MnO @ni73_ Kk, 
Milled with 7% clay. 


THE TEST. 


Nineteen miniature wash-basins about 8.5 centi- 
meters in diameter and 2 centimeters in depth were slushed 
and burned in a dark colored ground coat, and then dipped 
into the gray enamel slush and when the excess was shaken 
off, a light spray of the dark-colored enamel was flipped on 
with a brush. After drying they were burned at about 
were cone 09+ i a “amufiile furnace.4. They . were.,cooled 
in a desiccator and weighed accurately to one-tenth of a 
milligram (0.0001 gram). Into one of them was accurately 
measured (from two burettes graduated to 1/10 of a cubic 
Ceumimetete O.25  rCmbic . centimeter acetic acid? and 
CAS cupie scentimecers distilled water, making ‘a 1 “per 
cent. solution by volume. Into a second dish was meas- 
ured (as before) sufficient acid and water to make a 2 per 
cent solution. °lnto a third’a)2 per cent.'and so on as given 
in the table following. These basins were then placed upon 
a gas hot-plate and evaporated to dryness without allowing 
them to boil vigorously. 

When baked dry (fifteen minutes after apparent dry- 
ness) the dissolved residue was washed out at the tap, the 
dishes were scrubbed with a finger covered with a rubber 
finger-stall, rinsed thoroughly with distilled water, placed 
upon the hot-plate again until dry, cooled in a desiccator 
and again weighed. The loss in weight, which is equal to 
the amount of enamel dissolved in each case, is given below 
in milligrams. 


©) 1} Me) Te) (Eyes © 


1 This acetic acid was the ordinary c. p. 99% (1.05 sp. gr.) and by analysis contained 
98.99% acid by weight. 
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Per cent. acid Mg. Per cent acid Mg. 
ety eV s Be ane ners 4.8 Je. he, Se eee L729 
Ba NIE rca Melee Matteo e te ae 6.9 16 Bit deel SR 18.9 
2 Eat Shae oh SAR taser: IO. BO: GR Beste wateheeess Mie E30 
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Fake ee eh FeO na sone 16.9 TON Gea td Piste ate Smet ea 
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TG. Cee Aa. Gna eee ae: GOW SE Ie. Oat ia cpa O38 
i ae OTERO! 7a 220 
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The Second Series was undertaken upon an enamel, 
the definite molecular formula of which can not be given. 

The Enamel used was ‘“‘soft gray enamel,’ the molec- 
ular formula of which is given above. 

The Test used was the same as with the first series 
except that the miniature wash-basins were slushed and 
burned in three coats, viz., a dark ground, a good opaque 
white, and the ‘‘soft gray enamel’? given above which 
was the top coat. These dishes are on exhibition and 
the results are given in the following table. 


The Results. 


Enamel Enamel 

Per cent. dissolved Per cent. dissolved 
acetic acid Mg. acetic acid Mg. 
1 PE aa ree rer oa Dates ite eet iee ts faye tote 14.0 
PRESEN re le Baty PAE RR SIA Pee ae ONS 12.0 
Pee Set entre ene A tame 7.0 De Seah Beast a tha aRN Ls 9.9 
A Gi SER Rh dot atone Ons BO ae teagan Ee Rape 10.3 
5s i atipetee ays pater TES5 A Qs ays igea ie ae termes 10.3 
Fate eliate to Por emee, niga LS | SOM. Wirt egekt Microw PF ERS) 
QL tive «peed eee 15.9 COO She ee oe Neee setae 4.6 
LBS accrue cern Los TON 3 Weare een 2.8 
LSe i. aiden ons eee 16.6 SOM CIS Pe Eig 
BS ts, ac sbaieyscae ae nse anos 107, OOF. sth ee ae ee 0.2 

17... sale eRe tegee sae een 1673 

EQ! 2 se usa ae ee 14.7 TOOU SAE BA ee a 0.0 
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THE ENAMEL SOLUBILITY CURVES. 


The accompanying sketch shows graphically the results 
of these two series of experiments. The various percentages 
of acetic acid solutions are laid off horizontally and the 
lengths of the vertical lines are proportional to the amount 
of enamel dissolved by the corresponding acid, one centi- 
meter length of vertical line being equal to one milligram 
of dissolved enamel. The results of the first series, 7. e., 
the one using the mottled enamel, are marked ‘‘ X’’, while 
those of the second series, 7. e., of the solid-colored enamel, 
ave marked se (.). 

N. B. The dip of the two curves from 21 per cent. to 
30 per cent. acid is unexplained. Several independent 
trials at those points tended towards proving that this dip 
is not due to experimental error. 


DISCUSSION. 


Mr. Staley: This paper is interesting and instructive. 
As a practical method of testing the relative solubility of 
enamels in acid solutions, the method described has the 
commendable feature of being easily and rapidly performed. 
In point of accuracy, it is capable of being materially 
improved. 

The shape of the solubility curve derived is very inter- 
esting. That the solubility should decrease as the acid 
becomes very concentrated is in accord with common 
experience.’ But why should the solubility be greatest at 
15 to 20 per cent. acid? Dissociation can hardly be at a 
maximum at this high concentration. Nor are we willing 
to grant that the solvent action of acetic acid is directly 
proportional to its dissociation. If we leave out of con- 
sideration the possibility that the acid solution may act 
toward the enamel simply as a solvent, dissolving it as 
water dissolves sugar, and treat the phenomena as a case 
of chemical attack by an acid, we must keep in mind the 
following considerations: 





1 Foerster, ‘‘Action of Acids on Glass,”’ Zeitschrf. Instraum., XIII, 457. 
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1. In dilute acid solutions, the acid is. more disso- 
ciated than in concentrated solutions. This of itself means 
simply that we will have more action in a given time per 
unit of acid and does not mean that the more highly ion- 
ized acid is capable of dissolving more enamel if the reac- 
tions are allowed to come to equilibrium. 

2. . Dilute acid solutions contain fewer units of acid. 

3. Very highly concentrated acid solutions have little 
action. 

4. The concentration of the acid solutions varied con- 
tinuously as they were boiled, becoming more and more 
concentrated as the boiling progressed. Therefore, the 
more dilute the acid the longer the time in which active. 
concentrations would be operating. It also follows from 
this that the slower the rate at which the acid is concentrated, 
the greater will be its solvent action. 


ineccordaice, with theses coniicting. tendencies, we 
find the acid solutions of maximum solvent action are those 
of medium concentrations. 


Acetic acid is one of the few organic acids that does 
not form a mixture of constant boiling point with water. 
The pure acid boils at 118° C. and in water solutions the 
Wateprwill, start Lo, come ott at.100, C., and will, come off 
the more rapidly the higher the temperature. So, 1f we 
should start with a given volume of what would be in this 
method approximately a 5 per cent. solution by volume 
of acetic acid and place it on a hot gas plate, we would 
soon have a smaller volume of 10 per cent., then 20 per 
cent. and so on up to a very small volume of roo per cent. 
acid. The resulting solvent action would probably vary 
materially from what would be obtained by a treatment 
for a given time with an acetic acid solution of 5 per cent. 
strength. The latter results which would truly correspond 
to the title of the paper under discussion could be obtained 
by the use of a return condenser. 


In order to determine the effect of the rate of evapora- 
tion on the solvent action of an acid solution of given 
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strength, the following tests were made by the writer. 
Four pans coated with the same enamel were treated 
according to this method, the only variation in their treat- 
ment being that two pans were placed on a hot portion 
and two on a cooler portion of the same gas hot-plate. 
Violent boiling did not occur in either case. 

The results are tabulated below: 

















No. of sample | ie are pecemerrairiey a diccined 
minutes Mg. 
1 okie aes chkec Gua ie Reena 15 65 . 20.9 
Die Baiada Whee Saks) recital ey weal 15 65 19.1 
SEG. GS Cae Rn PORTS: 15 155 37-8 
Hi aos iS VF pePiars, te Sager iil eee 15 155 | 39.0 











It would seem that in a test of this kind a constant 
temperature bath should be employed. 

Mr. Landrum: I agree with Mr. Staley that my 
title is rather misleading and might infer that this paper 
is intended as a research in pure chemistry instead of being 
merely a statement of the results of a series of practical 
tests made to demonstrate in a quick and convincing way 
the fact that an enameled ware may withstand the action 
of boiling 90 per cent. acid and still be attacked by acid 
solutions even as dilute as those used in cooking. 

In these tests the conditions were very carefully kept 
as uniform as possible, and I might add that acetic acid 
and the method of boiling to dryness were used simply 
because I was trying to duplicate the method used on the 
ware advertised as “‘go per cent. acid proof.” 1 also 
would like to state that in these series of tests all the dishes 
in each series were put on the hot plate at the same time 
and that this plate was of the type giving an even tempera- 
ture to all parts of the plate (see E. H. Sargent’s catalog 
for cut of plate No. 2406). While, as stated, the solutions 
were not allowed to boil vigorously, they were allowed to 
boil down as rapidly as possible without spattering. From 
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eighteen to twenty minutes were required to boil to dryness. 

I certainly do not advocate this as a method for test- 
ing the acid-resistance of enameled wares and agree with 
Mr. Staley that for a research as that seemingly indicated 
by my title, a constant-temperature bath and a reflux 
condenser should be used. However, for purposes of dupli- 
cating the treatment received by an enameled dish in actual 
use this method of showing the action of various acetic 
acid solutions might have some points in its favor over 
the more accurate one suggested. 


THE CONTROL OF FUSIBILITY IN ENAMELS. 
By HOMER Pe STALEY, Columbus, ©” 


Owing to the fact that the use of the conventional 
empirical formula does not give sufficiently accurate 
results in iron enamel, I was forced, while making enamels 
in large quantities, to devise another system of calculation. 
It is not enough for the successful mixer of cast iron enamels 
to know what will be the effect in a general way of an altera- 
tion in his composition—he must know exactly what will be 
the effect of .an alteration-of each per cent. “Above all 
since his firing temperature remains the same and his raw 
chemicals are expensive, and constantly fluctuating in 
price, he must know just how many pounds of one mate- 
rial he can substitute for another and get the same phys- 
ical properties in his enamel and have it -mature at the 
same temperature. The empirical formula does not give 
this kind of exact information, while the system I wish 
to describe does. JI feel that it gives very, accurate con- 
trol of the physical properties of cast iron enamels. | 


This system is an example of “Calculation from EKmpir- 
ical Physical Factors.’’ Various series of factors must be 
determined to control all the physical properties as opacity, 
solubility, finish, etc. I will describe only the use of fac- 
tors to control fusibility. As occasion arose over a period 
of two years, I would cut out of the mix I was using, in a 
commercial way, a considerable amount of one material 
and put in successively increased amounts of some other 
until I had an enamel of the same fusibility as the one 
with which I started. The relative fusibility of enamels 
can be determined very accurately by any experienced 
person by the way it works when being applied to the 
ware. 


I worked with melted weight of the minerals used 
because only in this way can the error, due tolarge and vary- 
ing amounts of volatile matter, be obviated. I treated each 
chemical as a unit rather than a mixture of various oxides, 
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for only thus could differences of physical condition and 
chemical combination of the various elements enter 
into the system of calculation. The melted weights used 
are calculated from the raw state by the use of factors 
based upon the conventional assumptions as to volatility 
of H,O, CO,, N,O,, etc. No fluorine is supposed to be lost. 
The actual melted weight will fall from 3 to 5 per cent. 
below this calculated melted weight, according to the 
care in charging and emptying the fritt kiln, etc. This 
extra loss is probably nearly all due to mechanical loss 
of dust up the flue, and in handling. 

In this paper I wish to show how the composition of 
an enamel may be changed without change in fluidity. 
As the relative cost of various compositions is a vital matter 
to enameled ware manufacturers, I will also indicate the 
cost per pound of each. A saving of one cent a pound on 
the enamel used will pay 6 per cent. interest on the invest- 
ment in the entire enameling plant. 

In calculating the cost of the enamels, the following 
prices per pound of the various materials, raw, will be 
used: 











Feldspary ..:... . $0.0035 | Boric acid........ $0.045 | Whiting.. $0.006 
Pte eee ey are gy. O040 | O00e Ash: a.) 44.4 G7OOS FP LNOLE a pe 4055 
Pluorspar 2. . ©.0045 | Sodium nitrate... 0.0325 | Red lead. 0.0625 
Cry Oli teaisnnc 22”. Ono? salsPearhashiny ty4-.”: 01075):|' Bone ash. <°0.02 
Barium fluoride. 0.0375 Potassium nitrate 0.0525] MnO,..... 0.0425 
Borax.........: 0.0340 | Bariumcarbonate. 0.0185 | Tin oxide. 0.35 


starting with enamel I (see table p. 511), we wish to 
make various changes in its composition, but still main- 
taining its fusibility at the same point, that is, we wish, 
ite to dnature at) the same temperature. This. recipe is 
the basis of those used in several American plants at the 
present time. It gives a calculated melted weight of 990 
pounds, and a cost of $60.27 or $0.0610 per pound. 

The feldspar called for by the numbers given in this 
recipe is a rather infusible one of the following analysis, 
and empirical formula: 
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If any other feldspar is used, it must be used in a dif- 
ferent ratio. This ratio can be determined by experiment 
only. The flint used is dry ground potter's flint, such as is 
furnished by all American potters’ supply houses. 

Inasmuch as potash salts are more expensive than the 
corresponding soda salts, we replace pound for pound all 
K,O, brought in by soluble salts, by Na,O from the corre- 
sponding soda salts. This gives us Enamel II, melted 
weight 990, cost $56.95 or $0.0575 per pound. 

Since our fusibility remains the same, we have illus- 
trated the following fact: 

(a) When introduced from corresponding soluble salts, 
Na,O and K,O are equivalent, pound jor pound. 

Na,O introduced from NaNO, is more expensive than 
when introduced from Na,CO,. With a properly built 
melting tank and proper oxidizing condition of kiln gases 
while fritting, sodium nitrate may be reduced to an amount 
corresponding to 10 Na,O to a thousand pounds melted. 
In fact with care, enamels can be made without the use 
of any nitrate, but it is safer to have a small amount pres- 
ent. Having carefully regulated our firing conditions, we 
reduce Na,O from NaNO, and replace it, pound for pound, 
by Na,O from Na,CO,. There is no change in fusibility. 
We would get the same results, if we replaced K,O from 
KnO, by K,O from K,CO,. We would get the same results 
if we introduced our Na,O from borax, keeping the num- 
ber of pounds of B,O, the same. ‘This is a demonstration 
of the fact that: 

(b) Na,O and K,O, introduced through soluble salts, 
have the same fluxing power, pound for pound, without 
reference to the particular soluble salt by which they are 
introduced. 
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The function of the MnO, in our recipes is to counter- 
act the yellow color due to the oxidizing effect of the high 
amount of NaNO, used on the iron present as impurity in 
the batch. Since we have cut down on the amount of 
NaNO,, we no longer need the MnO,, and so can drop it 
from composition. This change, along with the change 
in relative amount of Na,O from NaNO, and Na,COg, gives 
us Enamel III, melted weight 989, cost $55.55 or $0.0562 
per pound melted. 

We next replace flint by feldspar. Dropping flint 
from our batch and adding successive increments of feld- 
spar, we find that using this particular feldspar, 1f we wish 
to keep the fusibility the same, we must use 1 1/2 pounds 
of feldspar in place of 1 pound of flint. This is a demon- 
stration of the fact that: 

(c) Feldspar can replace flint in an enamel at a ratio 
to be determined only by experiment with each feldspar. 

This change gives us Enamel IV, melted weight 1or4, 
cost $55.61 or $0.0548 per pound melted. It is to be noted 
that although our melted weight is increased, we do not 
increase our tin oxide so the percentage amount of 5nO, 
decreases. This is because we find experimentally that 
replacement of flint by a larger amount of feldspar increases 
rather than decreases opacity. 

Cryolite is an expensive material. All its components, 
Na, Al and FI, could be brought in through other minerals, 
and by proper adjustment, the final composition could 
be kept the same. Likewise BaFl, is more expensive than 
CaFl,. By increasing BaO, from BaCO,, and CaF, and 
decreasing CaO from CaCO,, we would be able to get the 
same final composition without using BaF, If we were 
to substitute for either Na,AlF, or BaF, in that way, we 
would not get the same fusibility. In other words, the 
fluorides must be treated as minerals and not mixtures of 
oxides. 

By experiment we find that we may keep fusibility 
the same by substituting CaF, for Na,AIF,, pound for 
pound, and can substitute CaF, for BaF, in the propor- 
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tion of 3 pounds of CaF, for 4 pounds of BaF, Making 
these substitutions, we get Enamel V, melted weight 1001.5, 
cost $52.75 or $0.0528 per pound. We have illustrated the 
following facts: 

(d) The fluorides must be considered as minerals and not as 
mixtures of oxides. 

(ec) Na,AlF, and CaF, have the same fluxing power, 
pound for pound. Three-quarters of a pound of either of 
these is equal in fluxing power to one pound of BaF. 

While bone ash can be used as a weak opacifying 
agent to some extent, it is liable to cause minute pin holes 
- in the enamel and a vesicular structure in any part of the 
piece that should happen to be overheated. For these 
reasons it is desirable to eliminate it from our mix as it can be 
done without increasing the cost. Bone ash has as strong an 
influence on raising the fusibility of an enamel as feldspar. 
When we take out bone ash, we have to put in a little tin 
in order to keep opacity the same. So if we replace our 
36 pounds of bone ash by an equal weight of feldspar, and 
add 2 pounds of oxide of tin, we will get an enamel of the 
same fusibility and opacity. This gives us Enamel VI, 
melted weight 1003.5, cost $52.50 or $0.0523 per pound 
melted weight. This is a demonstration of the fact that: 

(f) Bone ash in small amounts can be replaced by feld- 
spar, pound for pound, without noticeable effect on fusrbality. 

A good grade of zinc oxide, corresponding to what is 
known commercially as ‘‘selected’”’ is cheaper than PbO 
from a good grade of red lead. I have never been able to 
see any advantage in the use of fancy brands of zinc oxide, 
such as ‘‘Red Seal,’’Green Seal,’ etc. We will find by experi- 
ment that if we wish to replace 100 pounds of our PbO 
by ZnO, it will take an equal number of pounds of ZnO. 

The enamel high in zine will be very slightly more 
opaque than the one high in lead, so we can reduce our 
tin by 2 pounds. I have made this substitution in these 
large amounts time and again and was never able to find 
any one who could pick out the two enamels either from 
their fusibility, or from the appearance of the ware made 
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from them. These changes give us Enamel VII, melted 
weight 1001.5, cost $50.95 or $0.0510 per pound. This is a 
demonstration of the fact that: 

(g) ZnO and PbO have the same ee power, pound 
for pound. 

We may wish .to still further reduce our lead, and in 
order to illustrate the ratio between the two substances, 
suppose we replace PbO by B,O,. We will find that it 
will take 16 pounds of B,O, to replace 20 pounds of PbO. 
Making this substitution, we get Enamel VIII, melted 
weight 996.5, cost $50.95 or $0.0510 per pound melted. 
This substitution can be made in much larger quantities 
than indicated, but it is not desirable to reduce our lead 
any lower. This illustrates the fact that: 

(h) One pound of PbO ws equal in fluxing power, to 
0.6 pound of B,O,. 

This etal (VIII) would pee tooy high in< BO, {tobe 
economical, so we would reduce B,O; by substituting some 
other fluxing material for it. If we use BaO from BaCO,, 
we will find that it will take 20 pounds of BaO to replace 
16 pounds of B,O,. Since we would be increasing our 
alkaline earth content, we could cut down on our tin oxide, 
reducing it 2 pounds. This would give us Enamel IX, 
weight 999.5, cost $49.45 ot $0.0495 per pound melted. 
This illustrates the fact that: 

(1) One pound of BaO ws equal to 0.8 pound of B,Oxg. 

As ZnO is more expensive than BaO it will be an advan- 
tage to replace the former by thelatter. By experimenting, 
we will find that if we wish to take out 4o pounds of ZnO 
and keep fusibility the same, we must put in an equal 
amount of BaO. As opacity is greater by this change we 
can reduce SnO, by 2 pounds. This will give Enamel X, 
weight 996.5, cost $47.50 or $0.0477 per pound melted. 
This illustrates the fact that: 

(j) BaO has the same fluxing power as ZnO, pound 
for pound. 

If we wish to cut down on BaO and replace it by CaF.,, 
we will find that it will take 12 pounds of CaF, to replace 
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20 pounds of BaO. As.opacity increases as fluorides in- 
crease, we can cut down 2 pounds on our oxide of tin. 
This gives us Enamel XI, weight 986.5, cost $46.40 or 
$0.0473 per pound melted weight. This illustrates the 
fact that: . 

(k) Swx-tenths pound of CaF, 1s equal in avers power 
to 1 pound of Bad. 

“Whiting is not used to any large extent in making 
enamels. CaO from CaCO, is not an active flux in enamels. 
The temperature range at which enamels are fritted seems 
to be too low for calcium carbonate. For this reason only 
small amounts of it should be used, and these should be kept 
about constant. For these amounts, it probably has a 
fluxing power equal, pound for pound, to the other R O. 
fluxes. The exact relation is hard to determine, since the 
amount used is so small. 

This restriction in the use of calcium ‘idee not apply 
to it as acomponent of lime-soda feldspars. In this combi- 
nation, it has a strong fluxing action, as these feldspars are 
more fusible than pure soda and potash feldspars. Cal- 
cium may also be used in large amounts, if introduced in 
Shape of fluorspar. As brought out above, it is ridiculous 
to group this calcium in an empirical formula with that from 
CaCO,, and from lime-bearing feldspar. The action of the 
calcium from the three sources is entirely different. 

Now suppose instead of the feldspar we are using, 
we substitute a soft lime-soda-magnesia feldspar of the 
following analysis and empirical formula. 








Analysis Formula 
1 GR @ Aiaerinh a Wegeeae een ee ey 
ING OMT Me ra diet ere eee TO. 27 0.083 K,O 
NT Oe Pea one, Pare te 230 0.668 Na,O : 

6.813: ALO .35 SiO 

CAG st. Site hone Se Omer 0.238 MgO se Neier es 
ba Pat niet barn Muh annem et e107 o.o11 CaO 
SIO scm minis ewes cae 64.62 


We find by experiment that it will take 83 1/3 pounds of 
this feldspar to replace 50 pounds of flint in an enamel, 
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or it will take 83 1/3 pounds of this feldspar to replace 
75 pounds of the feldspar we have been using. Substi- 
tuting the new feldspar for the old in this ratio, we get 
Enamel XIla. Since the total weight of our enamel 
is greater, we must increase our tin oxide, but since the 
increase consists of lime-soda feldspar, and not of the 
fluxes which destroy opacity, we need not increase it in 
direct proportion to the increase in weight. We add 2 
pounds of tin oxide. In order to get Enamel XIIa, as a 
basis for comparison with the other enamels, we reduce 
its melted weight to approximately 1000 pounds. This 
gives Enamel XIIb, melted weight 1000, cost $45.54 or 
$0.0455 per pound. This is an illustration of the fact that: 

(1) One feldspar can be substituted for another in an 
enamel an a ratio to be determined only by experiment. 

This series of recipes is not fitted to illustrate the rela- 
tion between Na,O and K,O, and the metallic oxides, 
etc., but this has been worked out, and it is found that we 
can draw the following conclusion: 

(m) One pound of Na,O or K,O is equal in fluxing 
power to 1 pound of ZnO, PbO or BaO. 


SUMMARY. 


Having checked up these ratios time and again in 
large batches used in regular factory practice, we are now 
in a position to generalize. 

The following oxides have the same fluxing power, 
pound for pound: 

1. K,O from soluble salts, Na,O from soluble salts, 
Ba© trom Bac. 700s PbO; 

2. Taking the fluxing power of any one of the above 
oxides, say PbO as ounity, it takes.o.8 pound of -either 
B,O, or BaF, to give one unit of fluxing power; that is, 
these substances have a fluxing power factor of 1 1/4. 

geet takes O:6, pounds, of Cal,).to. give one unit of 
fluxing power; that is, CaF, has a fluxing power factor of 


E eDes, 
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4. Taking the power of an addition of 1 pound of dry 
ground flint as our unit of refractoriness, we find that it 
takes 1 1/2 pounds of the particular feldspar we are using, 
or of bone ash, to give one unit of refractoriness. In other 
words, this feldspar and bone ash have a refractoriness 
factor ofv2y 2: 


5. The full statement of the fusibility of an enamel 
is embodied in the following formula: 


Fluxes (A) Refraction (B) 
K,O from soluble salts 
Na,O from soluble salts 
BaO from BaCO, 
CaO from CaCO,? 


Flint x1 = 
Feldspar x Y =? 


| 
| spine Bone ash x 2/3 = 
J 


ZnO Sand x2Z==? 
PbO 

BO, e 14 a 

BaF, ( is 

CaF, ( a= 


colbo 


x I 
Na, AIF, § 


If the sum of the fluxing units be represented by A and the sum of 
the refractory units by B then the fluidity ratio can be represented by A/B. 


The empirical fusibility formula of Enamel I is: 


57 K,0 
24 Na,O 
15 CaO 
10 BaO 
50 ZnO 
160 PbO 


50. Flint x 1 =. 50 
311 Feldspar x = 207.33 
36 Bone ashx # = 24.0 





281. 
56 BO, ( 
Sosbal qn 
65 CaF, ( 
20 Na, AIF, | 


x 1 = 9132.5 


~ 
I 

colts 
I 


141.66 





590. 
Fluidity ratio= 590/281 =2.10 : I 


1 Y and Z must be determined experimentally for each feldspar and each sand. 
2 For small amounts only. 
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The so-called ‘‘molecular’’ formula! of Enamel I is: 


$200 KOW 

2121 Na,O 

.oo1 MgO 

269.CaO +6. 132, AL0,31'0.27 Fl, 

.083 BaO | lo. 19. b.0, 
J 


(0.07 SiO, 


.147 ZnO 
"176 PbO 


CpOm On 0] On O 8 


| Oxygen ratio=I : 1.94 
The empirical fusibility formula of Enamel XIIb is: 


78.0 Na,O 
MgO 
14.5 CaO 
48.5 BaO 
106.5 ZnO | 
38.5 PbO, } 
BAO. Be), i. Tee 672% 
130.0; 4b) X 1:4) =) 21026 
Fluidity ratio= 570/273 =2.10 : I 


———a——, 


x I = 286 456 Feldspar x 2 = 273.6 


3) 





The empirical “molecular” formula’ of Enamel XIIO is: 


f0T5 16,0 #| 
.286 Na,O 
.047 MgO 0.856 SiO, 
.335 CaO $0.16 ALO, {0.29 FI, 
.055 BaO lo. 134 B,O; 
.229 ZnO 

.030' PbO.) 





@) ©) ©) 2) CHO Ce) 


Oxygen ratio=I : 1.43. 


REMARKS ON THIS METHOD. 


This system is strictly empirical, it needs no founda- 
tion in theoretical reasoning. The fact that it works is 
its justification for existence. In proof that it will work, 
I will, state that it has been used during the last five years 
in several different plants with uniform success. 

I can not refrain, however, from making a couple of 
remarks in reference to it. To ceramists who may express 





1 CA3(PO4)o and SnOg are present as opacifying agents and hence not included in the 


formula. 
2 SnO,g is present as opacifying agent, hence not put into formula. 


e 
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surprise that I should have found the free R O. oxides to 
have the same fluxing power, pound for pound, I will say 
that ceramists have been saying substantially this thing 
for many ‘years: Since the) time of) Seger: we® cam etuace 
through ceramic literature the idea that the fluxing power 
in fritted glazes of ‘‘equi-molecular’’ amounts of the vari- 
ous R O. oxides is in proportion to their molecular weights. 
This is simply another way of saying that pound for pound 
they have equal fluxing power. 

If surprise be expressed that I have grouped together 
ingredients totally unlike chemically, for instance R O. 
oxides, B,O, and CaF,, I reply why should wenot? Weare 
attempting to determine the relative effect of these ingredients 
on the physical properties of ourenamel. Itisto be taken for 
granted that substances unlike chemically can have like 
physical effect, and it is rather ridiculous to classify ingre- 
dients chemically when trying to study physical properties. 

In closing, let me say that while all the enamels here 
given have the same fusibility, they do not have all their 
other properties alike. Opacity, luster, heat range, liabil- 
ity to craze, etc., do not depend entirely upon fusibility, 
although this has an important bearing on some of the 
properties mentioned. While the equivalent of every one 
of these enamels has been used at some time, in some shop, 
in a commercial way, no one of them is in actual use in 
the form given at the present time. I could not pub- 
lish recipes in actual use for obvious reasons. A recipe for 
an iron enamel is of no value in and of itself. Skill in the 
manipulations of melting, grinding, application of the 
enamel to the ware, heating, etc., are of vastly more impor- 
tance than the possession of a recipe that has given good 
service at some plant. Probably any one of these recipes 
would have to be altered to suit special conditions at each 
plant in which it would be used. These recipes are given 
not because they represent the best compositions avail- 
able, or the cheapest, but to illustrate principles by which 
the enamel, which is the cheapest and best for a plant work- 
ing under given conditions, can be obtained. 


1 Seger’s Collected Writings, page 568. 
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SS eee eee : 
ne eS 


Melted weight. 



































Ingredients I II III IV 
Heldspar. cress eo L1.O'| 13 ET 0 RTI 386 
SiO); from tint. <7 |9 50.67.5060 50 os 
GAl oe. ee Fone 65.0| 65.0] 65 65 
Cryolite, Na,AIF,.| 20.0| 20.0 20 20 
Bak ecco ce Ab ote SOO 350.20 50 50 | 
£30,cir0m: borax.,:|.256-0)| 556.0 56 56 
Na,O from borax..| 24.0] 24.0 24 24 
Na,O from Na,CO, 29.0 47 47 
Na,O from Na,O,. es 28.0 IO 10 
K,O from K,CO,..| 29.0 
K,0 trom, K NO...) 28:6 
BaO from BaCO,..| 10.0] 10.0 IO 10 
CaO from CaCO... I5.0| 15.0 15 15 
VA NO pee a ay Seer 50.0| 50.0 50 50 
PbO from Pb,O,.. | 160.0] 160.0 160 160 
Bonesash. ac: >... : 206.0 1° 36.0 36 36 
Tin oxide... 2.2; 85.0) 185.0 85 83 
BE OMe tote gee ct i.2 1.2 | 
Total melted wt.. | 990.0| 990.0 989| 1014 
Gost: ls |$602271$56-05 $55. 55 155-01 
Cost per pound... 





$.0610 |$.0575 |$.0562 $.0548 


a 









































Vv VI VII VII! IX xe or XIla XIIIO 
386.0| 422.01 2422.01 422-0 | 7422-0 (422.0)7422.0 1470.0 | 456.0 
1225.5) 12225 Persons 12255 | ob 22-5.| 12255 | i o4s 51 84 tO. O 

56.0| 56.0] 56.0] 72.0'| 56.0| 56.0] 56.0 EO 20: |aer5a 20 

24 Oe 2420) 24.0) +2420 |=5- 24-00 24.0 2420] 240) % 2350 

47.01. 47:0 er dpOF 47-0 | A720. 247.0 V4Z.0| 47-0] 45s 

10:0) ==1O0%0 = TO1 Ole 2tOxO ff TO [Or 2 TOx Our TOTO £10 O 9.5 
= xtO:.0 10.0 | 10. . Co AIO 20: Ibs, 300 O42 FOO F 50 Oe 25020 |) S825 

15/04. 1520 bat 15.07} 315 cO425.0 5) Oral 5.0 [ee hs One 15. Oa lAaS 

50.0| 50.0] 150.0] 150.0] 150.0] 110.0] I10.0| 110.0} 106.5 
160.04 160.0| 60.0] *40%0| -40.04 “40:0)- 40:0] 40.0) 3855 

36.0 ie ime: “ee oe aes x Siete 

S501 87201 85.040 8520 |" 83.07, 28120 1 7G. 0} 8120 78.0 

1001.5 | 1003.5 IOOI.5| 996.5 999 - 5 | 996.5| 986.5 1000 .O 
$52.75 [$52.50 |$50.75 [$50.95 |$49-45 | 47-50 |$46.40 $45.54 
$.0528 |$.0523 $.0510|$.0510 |$.0495 $.0477 |$.0473 $.0455 


‘ 16 pounds of this B,O; comes from boric acid. 





AN INVESTIGATION ON ART ENAMELING ON METAL. 
By JOHANNES MINNEMAN, Barberton, O. 
INTRODUCTION. 


'  Definition.—The word enamel in its general usage in- 
cludes many materials which are not true enamels, such as 
the hard varnish put upon bicycles and some furniture. As 
used in ceramics, however, the word enamel includes only 
silicate compounds, which, when fused into a hard and 
glassy mass, are opaque.” In the jewelry industry, opacity 
is not a requisite property of the glass. Here the term 
is justified wholly by usage and not by definition. 

Requisite Properties.—An enamel to be used success- 
fully on metal must have the following properties: 

(a) It must, first of all, adhere so firmly to the metal 
that it will not scale off with handling. 

(b) It must not crack or craze with change in tempera- 
ture. 

(c) It must be hard enough to stand ordinary wear 
without losing its brilliancy. 

(d) It must be insoluble enough to keep this brilliancy 
when subjected to moisture and slight acidities. 

(e) The silicate to be used must melt at sufficiently 
low temperature as not to endanger the metal by oxidation 
and melting, or to volatilize the metallic oxides used in 
the enamel for the production of various colors. 

Methods of Application.—There are four distinct 
methods of application, or types of enamels: (qa) Cloisonne, 
(b) Champlevé, (c) Limoges, and (d) Pointed Enamels. 

(a) Cloisonné consists in making small compartments 
or cloisons on a metal sheet, by soldering fine wire to the 
surface, filling each compartment with the material of the 
enamel in a state of powder or paste, and, after drying, 
firing the plate, thus causing the enamel to fuse and com- 
pletely fill the cavities. 





1 Thesis at the Ohio State University under the direction of Ross C. Purdy. 
? The terms iron ‘enameis’” and wall tile glaze ‘“‘enamels’’ are quite cnmmon, but 
according to definition of enamel, are not always correctly used (Ed.). 
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(6) Champlevé. This resembles Cloisonné, but in 
this case, the design is executed on a metal plate, and the 
parts to be filled with enamel are hollowed out to a slight 
depth, then filled in with enamel and fired as before. 

(c) The Limoges type is very difficult to execute, and 
consists of melting transparent enamels upon the surface 
of metals without the use of any cloisons. 

(d) Pointed enamels are very similar to pointed por- 
celain, the difference being that the base is a metal cov- 
ered with an opaque enamel instead of a porcelain. 

Metals Used.—Gold, silver, and copper are all used for 
enameling; pointed enamels are invariably put upon copper, 
owing to its cheapness and the fact that opaque enamels 
are used, so that the metal does not show; but in the other 
types, silver and gold are often used because these metals, 
shining through the transparent enamels, produce much 
more gorgeous colors than copper. 


History.—The art of enameling upon metals probably 
had its origin with the Egyptians when they fastened pieces 
of colored glass into recesses in the metal of their jewelry. 
We know that enamel, in its simpler form, was in use among 
the Egyptians, Phoenicians, Assyrians, Greeks, Romans 
and Etruscans, but not in all the processes now in vogue. 

The Champlevé process seems to have had its origin 
in Briton, preceding the Roman conquest, thence it passed 
to France and Italy. 

Byzantium and Ireland were long the centers of learn- 
ing, and in art they were unrivaled for the beauty of their 
enamels in Cloisonné and Champlevé. 

The fine craft of enameling did not assert its indepen- 
dence as an art in its full capacity, for change and progress, 
until the Twelfth Century. 

References. Although a great deal of enameling on 
metal is done at present in the manufacture of jewelry, 
emblems, and buttons, the manipulation or application of 
enamels, independent of their manufacture and composi- 
tion, is still considered a trade secret. But, whereas, in 
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recent years a few very instructive books have been writ- 
ten on the manipulation and application of enamels upon 
metals, very little information can be found in literature 
on the composition, and the effects of the various constitu- 
ents on the properties of the enamel. 


INVESTIGATION. 


Object.—This thesis was undertaken to determine the 
effect of the glass-making constituents in the so-called 
jewelry enamel. 

The first part of this investigation will be the pro- 
duction of a suitable ‘‘flux,’’ or colorless transparent enamel, 
and second, the production of colored enamels, using this 
flux as a base. 

Only transparent enamels were attempted, because 
any of these may be made opaque by the addition of a 
small amount of tin oxide, without affecting the other prop- 
erties. 

Metal Used.—The metal used throughout this inves- 
tigation was copper. ‘The object of working copper was 
because it is an acknowledged fact that almost all enamels, 
working well on copper, will do so on gold and silver, though 
the converse is not true, owing to the relative ease with which 
copper oxidizes; second, because of the prohibitive cost of 
gold and silver for extensive experimental work. 

The metal trial pieces consisted of No. 20 gauge com- 
mercial sheet copper, cut into pieces 1 inch by 2 inches; a 
small depression about 3/16 inch by 1/2 inch by 1/32 inch 
deep was cut into each trial, by means of a groover’s tool, 
to keep the enamel confined. 

Commercial Fluxes as Standards.—For purposes of 
comparison, three different commercial fluxes and three- 
colored enamels were purchased from F. A. Schutt, of Pforz- 
heim, Germany, manufacturer of fine enamels. These 
were fused onto copper and tested as were the experimental 
enamels. 

Fritting.—The fritting of the experimental batches 
was done in a Fletcher gas-air furnace, from which the 
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muffle had been removed, and a hole cut in the bottom. 
A small crucible, 2 inches in diameter and 4 inches high, 
with a 1/4-inch hole in its bottom, was placed in the furnace 
so that the holes in the crucible and furnace’ coincided. 
The furnace was heated by a large gas blast lamp. 

The enamel mixes were placed in the crucible, one at a 
time, and as they melted were granulated by dropping 
into a pan of water beneath the furnace. 

Grinding.—The fritted enamels were ground wet in 
a small agate mortar to pass a hundred-mesh sieve. 

Washing.—The powder was then washed until the 
water was no longer milky. The fine particles or ‘“‘mud,’’ 
it was found, made the enamel gray or cloudy, hence the 
washing. 

Preservation.—The ground enamels were now placed 
in small vials and labeled, ready for application. 

Pickling of the Copper.—The metal pieces were “‘pick- 
led’’ or cleaned by dipping them into concentrated nitric 
acid, then into a strong solution of hot crystal soda to re- 
move all traces of grease, and finally washed in clear water. 

Application of Enamels.—The enamel powder was 
wet up with water to a thick paste and the groove in the 
copper trials filled with this paste by means of a spatula, 
and then the whole dried on top of the furnace. 

Firing.—The firing was done in a small muffle Buffalo 
dental furnace, heated by a gas blast lamp and equipped 
with thérmo-electric couple pyrometer. The furnace was 
heated to 1050° F., as it was found that the soft commer- 
cial enamels manufactured by Schutt were completely 
melted at this temperature in two minutes, this being 
the time advised by the various writers. 

The trial pieces were placed in the muffle on a small 
porcelain tile by means of tongs, and allowed to remain 
until perfectly fused, the degree of vitrification being deter- 
mined by the reflection of a rod held above the piece. 
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CLEAR COLORLESS ENAMELS. 


Molecular Formula of Published Recipes.—The type 
formulae given by the various writers for an enamel flux 
are as follows: 

Brown, ‘‘Art Enameling on Metal.’’ Molecular for- 
mula: 


02450) "RDO 


KO On852) 2910; 
Soe 0.0813 B,O; 
0.0413 Na,O 
Batch formula: 
SiliGAL Cay ect oes he SP ene rate Cage 18.7% 
Minit hee ee pd ee eee eee eras 27 NG 
IN TLOTs ee cee a re acre ee PEE ne epee eres B75 
BOtAxXre sac Haase. ty Sed Ae eer 6.2 
Fisher, molecular formula: 
OSTEO ( 0.706 SiO, 
0.629 K,O ( 
Batch formula: 
SULCAs git ucacar ¢ aby oie a caren ee eee eee 18.2% 
VERTED ctor ects n ior es late Cone ne eee ye 
IN ICCTA pe Sean ae See ne ee 54.4 


Cunynghome, molecular formula: 


0.685 PbO ? 
.64 SiO 
0.324 K,O ree a 
Batch formula: 
Silica yi. Vise eon eae Lae aa ea es 50% 
Minin gra eek dCi et ne Sa eh ee ee 35 
Nites citi. etn eels thot ee eG hae 15 


Basis Chosen.—It will be noted that there is a wide 
divergence in the above compositions; the formula given by 
Brown seemed to be the most fusible enamel, consequently, 
with this formula as a basis, three series of four members 
each were designed. 


INVESTIGATION ON ART ENAMELING ON METAL. 519 


Series A.—In Series A, the ratios of silica, niter, and 
borax were kept constant, and the white lead increased 
from 32 per cent. to 44.4:per cent. 

Series B.—In Series B the ratios of silica and the borax 
increased from 6.6 per cent. to 21 pert cent. 

Series C.—In Series C the ratios of silica, white lead 
and borax were kept constant, and soda added as calcined 
Na,CO, being increased at the expense of the niter. 

The molecular formulae are as follows: 

































































Series A. 
PbO KO | Na.O | SiO, | BeO3 
CLO awe aie ae a 023725 0.579 | 0.0507 | 0.965 | oO. 1006 
(a ee ee eee 0.3944 | 0.5565 | 0.0484 | On027 | 0.0968 
cy Nec rel erage sear 0.454 0.502 | 0.0437 | 0.837 | 0.0875 
Oy eines ae nae 0.4867 | 0.471 | 0.0409 | 0.785 | 0.081 
Series B, 
a Na.O | SiO» B.O3 
(CB on ane fh aw ke oho 0.394 | 0.556 | 0.048 | 0.927 0.0968 
CO ie Re PE Ba act of Oo at oh One 7 7 | On. 535 0.094 | 0.885 0.188 
hy postal cate 2 oro ee 0.359 | O.507 | 0.132 | 0.845 | 0.264 
(0 ic ler ea tae cae Sa 0.344 | 0.486 O.100e 10281011) 0.333 
Series C. 
: 7 ; } 
PbO K2O Na2O Se? SiO2 BoO3 
CEs Jaa ee ot | 0.293 0.414 | On222 0.070 | 0.690 | O.14 
Cycles | 0.254 | 0.297 | 0.386 | 0.0626 0.60 | Onl25 
LY EN On224 0.208 | 0.509 0.055 Oz S | Os LTO 
CA) cs Sep tiehs O.202 | O.141 | 0.612 | 0.0496 | O. 0.096 





Calculation of Batch Weights.—The batch weights 
were now calculated from the molecular formulae. For 
example, in the case of Member 1 of Series A, molecular 
formula of which is 
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0.3725 PbO 


0.965 SiO, 
LEE ee 0.1006 B,O, 
0.0503 Na,O j 
we have: 
Batch Parts 
wt. Factor by wt. 


I 


0.375 PbO X 258 (eqv. wt. of white lead) 96.105 X 0.0518 = 
0.579 K,O X 202 (eqv. wt. of niter) = 116.958 X 0.0518 = 
0.965 SiO, X 60 (eqv. wt. of silica) 57-90 X 0.0518 = 
0.0503 Na,O X 382 (eqv. wt. of borax) 19.21 X 0.0518 = 


I ll 
tees 
Hew nu 


Parts by Weight.—The members in each series were 
calculated in like manner, with the following results in 
parts by weight: 










































































Series A. 

Silica White lead Niter | Borax | 
COR ater esti | 3. | 5 | 6 | 1 
Cl eens hee PRR ere ed bl ha 6 I 
(3) hia Reh | BAe lt ager 6 I 
CA) ai seaan eee ae 2 Fie 3 | 8 6 I 

Series B. 

Silica White lead Niter Borax 
(Oe Renee a Ey eeeil paras Sag Vente nsk oan bale 
(8 Beet aes een | 3 | 6 | 6 | 2 
(3) eae os, arene 2 | 6 | 6 | 3 
(py itueie vee | me | 6 6 4 

Series C. 

Silica White lead Niter Borax Na,O 

Genes Mi | 3 | 6 | 5 | 2 | I 
(2 amore: | 3 6 | 4 2 2 
(aye rere 3 | 6 | 2 | 2 | 2 
aa Se? | 3 | 6 | 2 2 | 4 
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Mixing.—The above parts were now weighed up in 
grams and well mixed by hand. 

Length of Heating Period.—The prepared trials were 
found to require the following time for complete vitrifica- 
tion at this temperature (1050° F.): 


SSE EOI SMe Rome Ua aio Ure Rg at eR eax 5 70 seconds. 
D AGREE. kL ASEH eho acl au bays Alot Ponte. 
Ba op SOR Nar es Wee te On a OO ar + 
Trane Se ORI NS Aili AR A CRN LOO ree i 
j eA aia te ata ee eat AF ea ROR eS 
PU Ma Nes EER EET MRS Peele oe 40 ys 
Rea ae Ads, eee EMA R Tae oe, SOM ae 
ANTE IA Oe 8 REE Revco fe > FE ierantsy cd 


None of the members of Series C were fired as it was 
found that all but C, were very soluble, having formed a 
water glass while standing in water after grinding. C, 
though not quite so markedly soluble was still too soluble 
for use. The solubility was, no doubt, due to the high ratio 
of alkali to silica. 


RESULTS. 


Order of Fusibility.—The order of fusibility was fur- _ 
ther determined by firing all the members of each series 
on one trial piece; four of these trials were prepared and 
each drawn at a different state of vitrification. In Series 
A, the order was: 

A Tena), Asn Ae band in Series: B,*the-iorder-B2, Bi 
BB ..4. 

It was found that all of these enamels matured with 
less heat treatment than did the purchased enamels. 


Crazing.—The fitting properties were determined by 
plunging the pieces, red hot, as taken from the muffle, 
into cold water and examining the resulting enamels under 
a magnifying glass. The following results were observed: 
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Foy HR OO PION eo gi Nc Ca OM crazed badly. 

UG pe ere he Se a anh REY oa crazed slightly 

JAR ie ta Me OOM CHE ea ON re crazed slightly. 

NAA ARO ETRE: bat ae ie crazed very slightly. 

Bt4 fate cegee ne eee a crazed slightly. 

Be pee din tee er oe er a ie crazed badly. 

Bae hd ew AN a tee eRe 2) naw crazed badly. 

USE eo a eA ges Spann a are IBS cs. cracked off of the metal. 


The two softer commercial enamels crazed slightly with 
this treatment but the harder one remained perfect. 
Durability.—The durability was determined by plac- 
ing the trials under a bell jar over concentrated fuming 
hydrochloric acid, and allowing the acid fumes to act 


upon the enamels for es hours. The following results 
were observed: 


Ay ess rls eh ag I oe Sore 0 ai, a completely decomposed. 
tS SASS, Seem CRON A rey completely decomposed. 
A orice Pics deh eae is) te a ae Se od completely decomposed. 
YN Nea aes A RR SO Rae RS LI Aue completely decomposed. 
Jos ede oh ete Ae Naa i wh ee a completely decomposed. 
B52 esx, Beak G Se tne aE Rete Mos ae very dull and rough. 

iE ig RA TS Pe gh ec en ca TN dull and rough. 

Bak pete watts 6 lgged Maen ee matt. 


The commercial enamels were all ‘glossy after this 
treatment. 


CONCLUSIONS ON SERIES A, B AND C. 


Series A.— With an increase in PbO from 0.37 to 0.49 
equivalent with a corresponding decrease in the other 
constituents, we find that 

1. The enamels become less fusible. 

2. The tendency toward crazing decreased. 

3... All. were decomposed -by HCl dumes: 

Series B.— With an increase in borax from 0.097 to 


0.338 equivalent B,O,, and a corresponding decrease in the 
other constituents, we find that 
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1. The most fusible mixture contains 0.188 equivalent 
B,O, (B2) and that above and below this amount the enamel 
becomes less fusible. 

2. The crazing becomes more pronouncedwith increase 
of B,O,; even with the smallest amount of B,O, (0.097 
equivalent), crazing is very evident. 

=) Lhe; action,.of hydrochloric acid , fumes’ becomes 
less pronounced. 

Series C.—With this content of Na,O and $10,, we 
find that the enamels are too soluble in water to be of use. 


SUMMARY. 


We find, then, that although a very low fusing enamel 
has been produced, the durability has of necessity been 
somewhat sacrificed. It is evident that the tests to which 
the trials have been subjected are much more severe than 
those met in every-day use; still, a well-executed piece of 
enamel requires so much skill and time that the result 
should stand any possible conditions without danger. 

It seems advisable, therefore, to make a more durable 
enamel, even at the expense of the low fusibility, if nec- 
essary. With this idea in view, the following series were 
designed: 


SERIES D, E AND F. 


No borax was used as this seems to promote crazing. 
The silica was kept constant in each series, with an increase 
in K,O and a corresponding decrease in PbO. 

Series D.— Molecular formulae: 








K»0 PbO SiO» 





Oa) 


OMOtoOCE 0 6 











aa ts 
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Nee® 
icids-emolveare 
I nw fb Ww N 
CH OsOn07 05.0 
(oS So, OS MO ) 


iP WP OF we dS 
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The batch weights, in each case, were calculated as 
before with the following result, parts by weight. 













































































| Niter White lead Silica 
(1) ie coats homens | 4.0 | 20.6 12.0 
(2) ele ane ce eee & | 6.0 | 18.06 12.0 
C3 hca ees eee ee ere | 8.0 | 15-5 12,0 
CH) ere eee Meee | 10.0 | 12.9 12.70 
RN nae ath anche are 1240 | £OGs 12.0 
(Gee tery ue eis 2 | 14.0 | 7 iy | 12.O 
Series E.—Molecular formulae: 
i K20 | PbO | | SiOg 
CO Yess eis Sate hea erie | Ose | 0.8 | 1.5 
(220) mesh Op haces eam eas | Oi3 | Ox 7 | 1.5 
CB eee ar so er cep ig Bee See | 0.4 | 0.6 | 1.5 
Cae et he aig ig A nc | 0.5 | 0.5 1.5 
(5 see rahe eae FW Re | 0.6 0.4 | DAS 

Bits (O)ene ewe bee Seoek | On75)" | 0.3 ; mee: 
Batch formulae in parts by weight: 

: pean pen He : = fh ave Hie ne lead | Silica 23 
(abe) sie dg oa emt 4.0 20.6 | 9.0 
(3) ssf at: eve vacate es 6.0 18.06 | 9.0 
(2) see on eed aaa 8.0 | 15.5 | 9.0 
CAD Sa nga er eee 10.0 12.9 9.0 
(CS) omen tareet te 12,0 | 1038 | Gto 
(G)r re he ae UAT) Dau Pepe 9.0 
Series F.—Molecular formulae: 

‘ con . K,0 | PbO | SiOeg 
Gig hoo RAGS 5 75lr Or? 0.8 | I.O 
(ice Sent ieee een Ons Or7, | 1.0 
Gee Pa tree ERG AE Bes et fc 0.4 0.6 | 1.0 
CA Viste ahe ot eho Mota Ne ae 0.5 0.5 | 0 
(5p) pelt iin eh stacriee ances 0.6 | 0.4 | Wg) 
(Gy ree therne arene descents OF | 63 | 1.0 
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Batch formulae in parts by weight: 

















| Niter | White lead Silica 
GEE ae aids eereme 4.0 20.6 6.0 
C2yt RS eh Re ie 6.0 18.06 6.0 
RaW i La lapiet ice Pnaicey ats 8.0 155°5 6.0 
ae Beran Marea Pri 10.0 127.9 6.0 
oy ae ipo ee | 12-0 | 10.3 6.0 
UG )aes phe eutateeate crans one 14.0 yee | 6.0 





Firing.—The enamels were fritted, ground, washed 
and applied as in the case of Series A, B and.C. The fir- 
ing was done at a somewhat higher temperature, keeping 
the time of firing about two minutes. 


RESULTS. 


Fusibility.—The order of fusibility was determined as 
before, and found to be as follows, being in the same order 
' in each series: From most fusible to least fusible, 1, 2, 
4, 4,85,an0.0.. It was noticed that: Nos: 1,2, and-3 inveach 
series fused sooner than Nos. 4, 5 and 6, that is, there was 
a greater step between Nos. 3 and 4 than between any of 
the others. 

Series F was the most fusible, and Series EK and D the 
most refractory. Members 1, 2 and 3 of Series F fused 
with the same heat treatment as the softest of the pur- 
chased enamels. 

Fit.— All members of Series D and E fit perfectly 
when dipped, red hot, into cold water. In Series F, Mem- 
bers 1, 2 and 3 fit with this treatment while Members 4, 
5 and 6 crazed slightly. 

Durability. When subjected to hydrochloric acid 
fumes, as described before, all members of Series D remained 
perfectly bright. In Series EK, Members 1, 2 and 3 became 
dull, while Members 4, 5 and 6 remained bright. In Se- 
ries F, Members 1, 2, 3 and 4 were dull, while Members 5 
and 6 remained bright. 
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Luster.—It was noted that the high lead enamels of 
each series were brighter or showed more refractive power 
than those low in PbO. 


GENERAL CONCLUSIONS. 


1. Effect of SiO,.— With an increase in SiO, the enamels 
became less fusible though more permanent and durable. 
1.0 equiv. SiO, was found too low for durability, and 2.0 
equiv. too high for a soft enamel. 

2. Effect of PbO.— With an increase in PbO, and a 
corresponding decrease in K,O, with the same SiO, con- 
tent, the enamels 

a. Became more fusible. 

b. - Have a decreased tendency to craze. 

¢. -Becatne more feiractive. 

d. Are less durable in the acid fumes. 

3... Members 4, 5 and 6 of series bo were tound to 
compare very favorably with the purchased enamels, in 
all respects. 


SERIES G, H, I AND J. 


Though the original object in view, the production of 
a suitable flux, had been accomplished, it was thought advis- 
able to make up three more series to determine the effect 
of an addition of Al,O,, CaO and borax, with a higher 
SiO, content. . 

Accordingly, the following series were made up, Mem- 
ber 4 of Series E being taken as the basis in each case. 

Series G.—-In this series the ratio of K,O to PbO was 
kept constant, and B,O, increased; the resulting molecular 
formulae are as follows: 





























PbO K,O Na2O SiO2 B.O3 
Cl enaste. | spuer te 0.487 0.487 0.025 EI 25 | 0.05 
(Dy) ee eas 0.475 0.475 0.050 2.00 | O.1 
02.) pia ae aie 8 0.462 0.462 0.075 ORPD OG | 0.15 
( AicoaeNey. S00 ehtiges 0.450 0.450 0.100 2.40 | Or 
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When calculated to batch weights as described before, 
‘the following formulae in parts by weights were obtained: 


s 




















ite lead Niter Silica (cma Borax 
Cay eee 12.6 9.84 | TOS | 1.9 
A, ee aa 52.2 | 9.6 | 12.0 | its 
Ra eathecente 2 | sie ee 9.3 | 12.9 | Lhe 
RE ce eC Se | Tr: 6 | 9.1 14.4 | 7-08 
RESULTS. | 


When the enamels were weighed, fused, ground, applied 
and tested as before, the following results were obtained: 

(a) With an increase in borax: 

1. Fusibility increased, though not very markedly. 

2. Tendency to craze was increased, Member 1 fitting, 
and Members 2, 3 and 4 crazing. 

(b). All members were matt after the fuming acid 
treatment, the roughness being more noticeable with the 
higher borax. 

Series H.—In this series the ratios of PbO, K,O, and 
9510, to each other were kept constant and Al,O, increased 
from 0.025 equiv. to 0.1 equiv. 

The molecular formulae are as follows: 

















iG | K,0 H Al,03 t a 
C1) rare | 0.5 | 0.5 | 0.025 | as 
(Qi sas ors | 0.5 | 0.5, | 0.050 rlinad 
[Bisa canoes | 0.5 | Ons | 0.075 TiS. 
Cheon se | DO. 5a | O35 Di Z| PROLLOO Re i leuiriyin5 








The Al,O, was added as dehydrated Al,O,, giving the 
following batch formulae in parts by weight: 
































xs White lead Niter AleO3 SiOz 
ig Ree paste 1269 10.0 0.025 9.0 
WD Via cara Sh 12. Oe 10.0 0.050 9.0 
eB ce ae L229 10.0 0.075 9.0 
CAA ae 12.0 10.0 FO. 100 gO. 
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In fritting this series, it was found that Members 3 
and 4 were too viscous to flow through the crucible and: 
Members 1 and 2, while flowing through the crucible, 
were too viscous to be used as enamels. Hence discarded. 

Series J.—Another series, J, was therefore, designed 
with the same molecular formulae and equivalents of Al,Os, 
but having the Al,O, added as china clay, with the follow- 
ing formulae in parts by weight: 






































White lead Niter Clay Silica 
(Tye ak Bee cc 6.5 eG One A235 
(Ds) fathead Gece 6.5 5.0 0.65 4.20 
eee Robern tagiias 6.5 ee) 0.97 4.05 
(Cl) eae re 6.5 5.0 eo pak 3200) 0 








This series was then weighed, fritted, ground, applied 
and tested as before. 


RESULTS. 


With the increase in Al,O, content from 0.025 to 0.1 
equiv.: 

1. Fusibility was decreased; all members were very 
viscous, those high in Al,O, requiring an exceedingly long 
and high heat treatment to become smooth. 

2. The tendency toward devitrification was increased. 

3. All were slightly crazed. 

4. With the fuming acid treatment, Members 1 and 
2 remained glossy while Members 3 and 4 were slightly 
dulled. 

Series I.—In this series the K,O and SiO, were kept 
constant and CaO increased at the expense of the PbO. 

The molecular formulae were as follows: 








PbO CaO K20 SiO2 

















(Gn eemererem cet 5, « 0.4 | Ou OA | 4s 
(2) Eien eee nery ayy, 0.2 | 0.5 | 135 
(A) ia Chars kak ae Oe | 0.3 | O.5 | Las 
CAN rot ch ages OnE 0.4 | 0.5 | 145 
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Batch formulae in parts by weight: 


























White lead Whiting Niter Silica 
Gated tes: | 10.7 10 10.0 9.0 
Ora Peay is) 2EO 10.0 9.0 
(ayanheeer ont | 5.16 3.0 10.0 9.0 
CANS aka | 2.58 4.0 comne) | 9.0 





This series when fritted, ground, applied and tested as 
before, gave the following results: 

With an increase in CaO, 

1. The fusibility decreased. 

2. Crazing increased, though all were crazed to a 
more or less extent. 

3. All were slightly affected by the acid fumes. 

Series K.—In this series zinc oxide was added at the 
expense of the PbO and K,O, keeping the 5i0, constant. 

The molecular formulae are as follows: 























PbO KO ZnO SiOz 
Le gt haat ae Rae 0.487 0.487 0.025 aS 
CV eres ects as 0.475 0.475 0.05 1.5 
(5) ea, nee ee | 0.462 0.462 0.075 rr. 5 
(CAC Ne an oe ee 0.450 0.450 0.100 1.5 








SS 


Giving the following formulae in parts by weight: 





























White lead | Niter | ZnO SiO» 
CE) eral a hey aoe eas 12.6 9.83 0.203 9.0 
Ca Re en Per 1222 9.6 0.406 9.0 
CZ Ras Ge es ie I1.9 9.3 0.609 g.O 
(Gig OAD eairas Me ee ae AE Ln. 6 Oat 0.812 g.O 
RESULTS. 


This series when fritted, ground, applied and tested as 
before, gave the following results: 
With an increase in ZnO, 
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1. \ The fusibility<decreased: 

2.. Crazing mereased; “Members o1s427 andy 3 Phtting 
perfectly, while Member 4 crazed. 

3. Tendency toward devitrification increased. 

4. None were affected by the acid fumes. 


COMPARISON OF SERIES. 


The melting points of the most fusible members of 
each series were now compared and found to be as follows: 
In order from least fusible to most fusible, ja, 11, K1eGa, 
and Ea. 

We find then that in no case have we increased the 
fusibility, and although the durability has been somewhat 
bettered. in some cases, “yet the crazing Has increased in 
such cases to make the enamel undesirable. 

We find then that the best soft enamel flux found in 
this investigation is a high lead flint glass of the following 
compos tion, 


GgakbOws SiO, (E 
Maes (oor 10, (E 4), 


and that this flux compares favorably in every way with the 
commercial soft flux examined. 

For a hard, flux enamel, we find a glass of the same 
R O. elements, but a higher SiO, content, with the fol- 
lowing formula to be very suitable: 


O13 PbO 


.0 SiO, (D 
Ss Kim ks eee 


A COMPARISON OF COMMERCIAL GROUND COATS FOR 
CAST IRON ENAMELS. | 


By Joun H. Coz, Mansfield, Ohio.’ 
INTRODUCTION. 


Purpose.—The writer has, in these experiments, at- 
tempted to compare the different types of commercial ground 
coats now in use, as to their heat range and ability to bond 
the enamel. 

Definition.—A ground coat may be defined as a very 
thin, transparent glaze applied to cast iron articles not 
only to act as a bond between the white, opaque enamel and 
the cast iron, but to prevent the iron from oxidizing while 
being raised up to the temperature at which the enamel 
fuses. It should have the following properties: 

1. It should begin to fuse at dull red heat and remain 
a good glass through a considerable heat range. 

2. It should be able to dissolve any oxide or foreign 
matter on the surface of the metal. 

3. Its viscosity should be very low. 

4. It should not contain or absorb injurious gases, 
such as sulphur. 

The Literature.—The following is practically the full 
extent ol the literature on this subject: 

1. Paul Randau, ‘Enamels by Wet Method.”’ 

Hee WG se NG oek Oates Tenia 

Thesis at The Ohio State University, “Composition.” 

3. Dillen Underhill, Foundry Magazine, March, 1910, 

‘Materials. 
foetal Stale yee Ole Lil Si ivans. Az Ge 55.5 
“Methods.” | 

Cavin net VOldraeck no precisaal, NOS. .14- and) 15, 
1909, ‘‘Materials and Methods.”’ 

Orel Petition (0 Von. Geran. -US02; NOY. 27, Ps 199. 

(b) Die Tonwaren Industrie, 1908. 
Pee The RICCI er Ola Net LS Ae Oe 
“Cover Enamels. ”’ 





1 Done as a thesis under the direction of Homer F. Staley, Ohio State University. 
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There are many classes of ground coats, but an exami- 
nation of successful recipes willshow that the great major- 
ity contain borax, red lead and nitrate of sodium. 


The value of each of these ingredients is as follows: 


(a) Boric acid from the borax readily dissolves any 
metallic oxides. 


(b) Na,O and PbO are low temperature fluxes and have 
not as great a tendency to absorb sulphur gases as has the 
other available fluxing materials. 


(c) The PbO should be added as red lead as the escap- 
ing oxygen is desirable in preventing the injurious gases 
in the fritt kiln from entering the ground coat. 


THE INVESTIGATION. 


Since the commercial ground coats vary widely, not 
only in composition but also in the proportion of fritted 
to raw ingredients, this investigation was so planned as to 
cover both of these. The general outline is given in Table 




















I. 
Table I. 
Classes Groups Series Sub series 
Ere a | 
| (1) Flint glass. 
I. Without co- | (a) Single glass- | (2) Feldspar 
balt. es. glass. 
A (3) Clay glass. 
All fritted. (6): Blends of! @)- Bl end s-o-F 
glasses. two glasses. 





(2)- BL edie ot, 
three glasses. 


Ii. With: « per Same as above. 


Same as above. 














cent. cobalt 
oxide. 
1.One) iit | (a) Flint fritt. (1) Raw feldspar. 


one raw ma- 
terial. 


(6) Feldspar 
fritt. 


(2) Raw flint. 
(3) Raw clay. 
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Table I (Continued). 





























Classes | Groups Series | Sub series 
| | (c) Clay fritt. 
ts (a) Flint fritt. (1) Blends of 
(6) Feldspar two raw ma- 
LES Osea ifitt, fiitesee terials. 
blends of raw | (c) Clay fritt. (2)Blends of 
materials. three raw ma- 
B terials. 
Part fritted, part 
raw. 

Hil Blemded \a)-Rawrteld-:). (1) Blends of 
fritts, one raw spar. two fritts. 
material. (b) Raw flint. (2) Blends of 

(c) Raw clay. three fritts. 
| (1) Refractory 
material feld- 
spar. 

'S ; (2) Refractory 

All raw. material flint. 
| | (3) Refractory 

| | material clay. 








Material Used.—Since the proportion of borax, white 
lead and sodium nitrate was kept constant in all the ground 
coats, whether fritted or raw, these materials in the pro- 
portions used, will be known as the ‘“‘Constant Group.” 


Borax 15 
White lead? 20 
Sodium nitrate 2 


The other materials were: 


Brandywine feldspar 
Mayfield ball clay 
American flint 


The ratio of flint feldspar and clay that can be inter- 
changeably substituted in a given mixture without chang- 
ing its fusion point was taken as being approximately as 


1 White lead was used rather than red lead for the latter was not available. 
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Loo parts by weight of feldspar 
65 parts by weight of flint 
4o parts by weight of clay 


The above-mentioned amounts of feldspar, flint and 
clay were fritted with the “Constant Group” to form the 
“Single Glasses’ of Class A, Group I. The remaining mem- 
bers of Class A, Group I were made from blends of these 
glasses. 

The same procedure was followed in Class A, Group 
II, except that 0.1 per cent. of Co,O, was added to the raw 
batch of each of the “‘Single Glasses.”’ 

In Class B, since part of the hardening material was 
to be added raw, the total amount was reduced. Three 
fritts were made up consisting in each case of the ‘‘Con- 
stant Group’’ and one of the following amounts of harden- 
ing materials: Flint 25, feldspar -4o, clay 26. To these 
were added, to make the various.members of Group I, the 
following amounts of hardening materials: Flint 31, feld- 
spar-s2\'clay’ 21. .Theiremainine memberssor Classe yere 
made from blends of these. 

The members of Class C being all raw, the amounts 
of hardening materials were still further reduced to flint 
52,,deldspar 80; clay) 32. 

In making blends, the following proportions were used 
in all cases: 


Two Extremes. 
PAs Ls 
yon, 
ie ae 
Three Extremes. 
ae is the 
Sere Odrag ee 
Tite ed eo 
52 laa oa 


Procedure.—The ground coats were mixed with just 
enough water to give them a creamy consistency, then 
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applied by dipping. Immediately after dipping, the trials 
were placed on top of the furnace where they would dry 
quickly and when dry they were at once placed in the 
furnace. The temperature was approximately 1800° F. 
when. the dried, trials were placed in. the furnace, but it 
dropped to about 1500° F. and then gradually rose again 
as the trial gathered heat. 

The time between fusion and volatilization of the 
ground coats is given in Table II, together with the heat 
range of the different coats. 

All coats having a heat range of 200° F. or over were 
set aside to be used under a standard enamel. These 
coats were applied as before and when the temperature 
had risen 150° F., above the fusing point of the ground 
coat, the trial was taken out and without allowing it to 
cool below red heat, a coat of the standard enamel was 
dusted on through a forty-mesh sieve. It was then replaced 
in the furnace and caused to remain there until the enamel 
was thoroughly fused. A second coat was then applied, 
the trial again placed in the furnace and heated until the 
enamel flowed evenly on the trial. The trial was removed 
and allowed to cool at room temperature. 

The Furnace Used.—The furnace used was a simple 
up-draft muffle furnace. The trials were supported: on 
two parallel iron rods. Directly beneath the rods was an 
unprotected thermo-electric couple for measuring the tem- 
peratures of the furnace. , 
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Table Il. 


Class A. All Fritted. 


Containing no cobalt. 


Group I. 
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Class A. All Fritted (Continued). 
Containing 1 Per cent. Cobalt Oxide in the Fritt. 


Group II. 





Heat range 


Raw 


Fritted 
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Class B. Part Fritted, Part Raw. 














GroupI. One Fritt, One Raw Material. 













































































Fritted material Raw material Heat range 
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Class B. Part Fritted, Part Raw (Continued). 
Group II. One Fritt, Two Raw Materiais. 
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Class B. Part Fritted, Part Raw (Continued). 


Heat range 
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Class B. Part Fritted, Part Raw (Continued). 
Group III. One Fritt, Three Raw Materials. 
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Class B. Part Fritted, Part Raw (Continued). 
Group. IV. Two Fritts, One Raw Material. 
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Class B. Part Fritted, Part Raw 


(Continued). 





Group V. Three Fritts, One Raw Material. 

























































































Fritted materials Raw material Heat range 
oO wn 
= bo v 
o) | a 3 
w | i=} 
' on os - 
male & ‘ ae R 
Zz | 8 : ag a) at 
s CO tye » | Bao > | Be 2 
Pete er ee er ea ar ee prg bP usr E 
D eh ptt Ou re ol By Le A = 
| | | 
2x ZOOM 7 Senne 5 | a shal a be | 259 Oe 
hore hue ular lotltes bus qe: lee ea : | 225 | 30 
o FOR: 37 (7 by) 20.1 4k at sa 22)5 "\220 
ae Ode e378 AG WORN y Bol st 100 | 10 
wo ol . i 
= a Fiat BOR Sy) oi RE 5 52 250.'\'-20 
sedis) gine a Ee Ny Bia eds oe isn 4 52 240 | 18 
ow ; 
ae i Ge hear ON ZOO 52 250 | 20 
és ; 7 LAG | mae 6 | 10 8 52 225405 
2s Pa ea keke jee 3 «45 5 eles wc Veg 
EC Wie alee ad aes 0 flea Fo) 4 21 el OO ie 26 
v 2 Pat 2 oe G#20 4 21S \ 200% 1"/27 
ae 724 \ 37 Gre TO 8 wel pyechte 14 
ee ee ge Seer SPAT J BY 
Class C. All Raw. 
Raw materials Heat range 
baie values’ aes me oe 
Lapa Temp. - 
Serial No Constant Flint Feld- Clay range, Time, 
group spar deg. F. minutes 
801 37 | 52 | is 25 
802 SW i Wieay, ra oe 175 25 
803 a7. 80 32 160 20 





544 A COMPARISON OF GROUND COATS FOR CAST IRON ENAMELS. 


DISCUSSION ON HEAT RANGE. 


Class A. All Fritted. 
Group I. Containing No Cobalt. 


Single Glasses.— No one of these has a wide heat range. 
The flint and feldspar glasses are about equal while the 
glass containing clay has a much shorter heat range. | 

Blends of Two Glasses.—In the case of blends of the 
flint and feldspar glasses, we have a marked improvement 
in width of heat range over single glasses. While the 
flint glass alone has a range of 150° F. and the feldspar of 
158° F., blends of these glasses give heat ranges of 200° 
LOU 

In mixtures of flint glass with clay glass, we get all 
values higher than for the clay glass alone, and with high 
flint, higher than for the flint glass alone. 

In blends of clay glass with feldspar glass, all the values 
are low, the best value ee with the highest content 
of feldspar glass. 

Blends of Three Glasses.—In these we find the highest 
values where the clay glass is lowest. These values are 
higher than those for single glasses, and for blends of clay 
glass with one other glass, but not as high as for blends of 
two glasses, neither of which is a clay glass. 

This group of ground coats shows: 

1. Other things being equal, a blend of two glasses is 
better than one glass, and of three glasses, better than two. 

.2. Clay is not a suitable material to use in a glass if 
a long heat range is desired. 

3. Flint and feldspar glasses of equal fusibility have 
about the same heat range. 


Group Il. Containing 1 -Per cent. Cobalt Oxide in 
the Fritt. 
As this group was of the same composition as Group 
I, with the exception that each member of Group II con- 
tains 0.1 per cent. cobalt oxide, any difference in heat range 
may be attributed to this substance. We find that as a 
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general proposition the poor and medium grade ground 
coats had their heat range shortened by the addition of the 
cobalt, while the best compositions were not injured and in 
one case (No. 211) the heat range seems to have been slightly 
extended. 

We draw the following conclusion: 

The use of cobalt in a ground coat for cast iron enamels is 
of doubtful value. 


Class B. Part Fritted, Part Raw. 
Group I. One Fritt, One Raw Materval. 


In these we find: 

1. The feldspar fritt gives longest heat range, flint 
fritt gives the next longest, and clay fritt gives the shortest. 

2. Clay used as a raw material gives a shorter heat 
range than either feldspar or flint. With a flint fritt, feld- 
spar, as raw material, gives the best results, while conversely 
with a feldspar frit, flint, as a raw material, gives the best 
results. 

Group II. One Fritt, Two Raw Materials. 

Flint Fritt.—In these we find no coat of long heat range. 
The values run rather uniform, being about what would be 
expected from mixtures of coats made up of flint fritt with 
the various raw materials. 

Feldspar Fritt.—When using a feldspar fritt and two 
raw materials, blends of raw feldspar and flint gave ground 
coats of considerably longer heat range than blends of 
raw feldspar and clay or raw flint and clay. In fact these 
values were the highest obtained by the use of one fritt. 

Clay Fritt.—Clay again shows its inferiority as a material 
for use in the fritt by giving valuesthat run low. The best 
are found with mixtures of feldspar and flint as raw materials. 


Group III. One Fritt, Three Raw Materials. 
The heat ranges of the mixtures containing flint and 
clay fritts are about the same as when using two raw 
materials. The heat ranges of the mixtures containing 
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feldspar fritt are lower than the group in which raw feldspar 
and flint only are used, 7. e., a substitution of clay for feldspar 
and flint reduced the heat range. 


Conclusions for Groups II and III. 


1. There is no especial advantage in blending raw 
materials. The values obtained correspond roughly to the 
rule of mixtures, 7. e., are what would be calculated from 
the heat ranges of the extremes from which the blends were 
made. . 2 

2. In these groups we have emphasis laid on the 
fact that clay is a very poor material to use in a fritt and is 
not as desirable from the standpoint of heat range as flint 
or feldspar for a raw material. 


Group IV. Two Fritts, One Raw Material. 


In these we find that there is a decided advantage in 
blending fritts. Keeping the raw material the same, a coat 
made up with two fritts in nearly every case has a longer 
heat range than either of the coats from which it is made 
up. 

Group V. Three Fritts, One Raw Material. 

The advantage of blending fritts is here further exem- 
plified. The addition of a material so poor in itself, as 
clay fritt, to a coat containing two other fritts, gives a longer 
heat range to the resulting blend. 


Class C. All Raw. 
The heat ranges in this class are all comparatively 


short. Little or no advantage could be expected from blend- 
ing these and so blends were not attempted. 


TEST OF RELATIVE BONDING POWER OF THE BEST 
GROUND COATS. 


After considering several methods whereby we could 
determine which of these ground coats furnished the best 
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bond between the iron and the enamel, we resorted to ham- 
mering the trial pieces with an ordinary one and a half 
pound hammer. The Page machine was tried and found 
inefficient for this, and the time at our disposal was too short 
to construct a heavier machine after the Page type. 

This test is not one to determine the elasticity of the 
coat or of the enamel but rather the resistance to shelling 
or flaking when subjected to an impact blow. 

No coat which had a heat range of less than 200 degrees 
F. was tested. Those which were selected for this test 
were applied to the wedge-shaped cast iron test piece, 
before described, and then covered with the standard 
enamel which we have used throughout this investigation. 

The enameled trial piece was held firmly on a block 
that was so substantial as not to cushion the blows from the 
hammer, and then hammered until a place was found on 
the trial piece where the bond between the enamel and the 
coat would break more readily than would the bond between 
the ground coat and the iron. 

None of the trials stood this test on the thinner por- 
tion of the trial pieces, but where the piece was more than 
3/16 inch thick, the majority of those tested proved to be 
able to withstand rupture (see Table III). 

The reasons for the failure of these ground coats to 
resist rupturing under this impact test on the thin edge of 
the trials may in part be: 

1. The thin ends had cooled too rapidly to permit of 
annealing. 

2. It is difficult to fuse the ground coat on the heavy 
end without overburning that which is on the thin end of 
the trial piece. 

3. The thin end vibrates more when being pounded. 
The results of this test are tabulated in the following: 
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Table III. 


Tests of relative bonding power of coats having heat ranges of 200° 
F. or over. 











ti f whol 
Serial number peacoat Ale be 3 Style of fracture 














III | as | Conchoidal 
{12 Not tested 
‘Is ye Conchoidal 
211 ih Conchoidal 
a1 Vie Conchoidal 
304 Not tested 
4II aye Conchoidal 
412 tis Conchoidal 
413 As Perpenaicular 
603 tie | Perpendicular 
604 Lis Perpendicular 
605 ee Perpendicular 
606 | ie Conchoidal 
609 | All 

702 | Lis Perpendicular 
703 ye Perpendicular 
REE Not tested 
ve | Wie | Perpendicular 
713 “5 | Perpendicular 
714 ie | Conchoidal 

All | 


723 











Conclusions on Tests of Relative Bonding Power. 


The tests given were quite severe, and with the excep- 
tion of those for No. 609 and No. 723 the results would 
indicate good bonding power. It is worthy of note that 
in these two compositions, clay was the only raw material. 
That the rest of the coats show so little difference in bond- 
ing power seems to show that almost any ground coat of 
wide heat range will have good bonding power if heated to a 
medium point in its heat range. — 


GENERAL CONCLUSIONS. 


The salient points that stand out as a result of this 
work are: 
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1. The use of cobalt oxide in ground for cast iron 
enamels is of doubtful value. 

2. Clay is a very poor material to use in a fritt and is 
not as desirable as a raw material from the standpoint of 
heat range, as is feldspar or flint. 

3. There is no especial advantage in respect to heat 
range, in making blends of the materials which are to be 
used raw. 

4. There is a decided advantage in blending fritts as 
the heat range is thus materially extended. 


PORCELAIN GLAZES.’ 
By Ross C. Purpy, Columbus, O-: 


INTRODUCTION. 
Definition. 


Porcelain Glazes are mixtures consisting of ball and 
china clay, feldspar, flint and some strongly active flux- 
ing material or materials, such as CaCO,, MgCO,;, ZnO, 
BaCO,;? Ca,(PO). Rand CaSO,.10H,O. 

For the very hardest fired (cones 12-14) porcelains, 
the flux consists of such eutectics as would be formed by 
fusing CaCO, with clay, feldspar and flint. 

For the medium fired (cones 8-12) porcelains, ZnO is 
added to increase the fusibility of the glaze flux. The 
other materials above mentioned are used at times but not 
so frequently or to as good advantage as ZnO and CaCO. 

Terra Cotta Glazes are derivatives from the type por- 
celain glaze but are rendered more fusible (cones 5-8) by 
approximating more closely the most fusible mixture of 
clay, feldspar, flint, calcium carbonate and zinc oxide. 

Terra cotta glazes are clear or opaque. If used over 
a white engobe they are designed to be more translucent 
than when used directly on fire clay bodies. 

The two conditions in manufacture of terra cotta that 
make necessary the development of a mixture somewhat dif- 
ferent from those of the porcelain glazes are: 

1. Lower heat treatment to mature the body. 

2. Necessity of making a white opaque covering to a 
colored burning body composed of iron-bearing clays. 

When white engobes are used, the glaze must have the 
required fusibility, but need not be as opaque as if it were 
to be applied directly onto the body clay. 

Stoneware Glazes of the bristol type are similar to the 
terra cotta glazes but are so constituted as to be sufficiently 
opaque to hide the color of the body without the aid of 


1 The study here reported was made with the senior class at the Ohio State Univer- 
sity. The study was made first by the class of ’°10 and repeated with new mixes by the 
class of 711. All weighings, etc., were made by two members of the class employed for 
that purpose. ‘The report as here presented is a copy of the class report. 
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an engobe. This requirement calls for the use of what is 
popularly known as an opacifier. Zinc and tin oxides are 
the materials most used to develop opacity. Bone ash, 
fluorspar and zirconium! have been used with very limited 
success. 


Typical Formulae. 


Hard Fire Porcelain (cone 12-14). See Hainbach, 
‘Pottery Decoration,” p. 80. 


0.8 CaO ( : 
.8 Al,O, 4.4 SiO 
0.2 K,O er 23 4-4 lU, 
.7 CaO 
gee {0.8 Al,O, 8.0 SiO, 


Medium Fire Porcelain (cone 8-12). 


O7A57CaO 
Oe25 OO. 475, ALO. 4415 O10; 
0.40 ZnO | 


used on one fire ware. 


o:7.CaO 


ono ( 0.5 Al,O,; 4.0 SiO, 


used on biscuited ware. 


Terra Cotta Glaze.—See Parmelee, Trans. A. C. S., 
W0b EX 


o.1-0/7 CaO: | 
0.5-0.2 K,0 OF 5 nA LOA etal Os 
Ho ,O'4-0.. 1-700 47) 
Stoneware Bristol Glaze.—See Purdy, Trans. A. C. S., 
WMolsel V. and. Vi. 


0.3-0.15 CaO’ 
0,30-0.45 K,0__}0.55 Al,O,°300 SiO, 
0.4 -0.4 ZnO 


1 See Sprechsaal, 40, 617 (1907 ) 
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Purpose of Experiment. 


The purposes of the following experiment are: 

1. To determine the influence of variation in con- 
stitution of these varieties of glazes and to develop a rela- 
tionship between the porcelain and bristol glazes. 

2. To determine their fitness for the several purposes. 

(a) On a porcelain body of the following constitution 
and biscuited at Cone 4: 

5 English ball clay No. 12. 
5 Tennessee ball clay No. 9. 
10 English china clay. 

10 Georgia china clay. 

10 Florida china clay. 

20 Golding flint. 

20 Kureka french flint. 

20 Brandywine feldspar. 
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(b) Robinson Clay Products Co. stoneware clay pre- 
pared by stiff mud process in the Mueller auger machine 
and dried to ‘‘Bone dryness.”’ 


Outline of Experiment. 


The experimental series were divided into five groups, 
the division being based on the molecular ratio of the RO 
to the R,O as follows: 


Division into Groups. 





















































Groups 
if 1M OG f IV Vv 
RO 8 6 rier Mpa 2 
R,O Ete: 2 2 2 2 














The groups were divided into five series each, the divi- 
sion being based on the molecular ratio of CaO to ZnO as 
follows: 


Division into Series. 

































































Series 
A B Cc D E a: 
' CaO I 3 I I O i 
ZnO | Oo if I 3 I 
Division into Members. 

Members : 

| ; | Nay, | 5 

Hav AlOns sores : ev ovssrl Oss | 0.6 | 0.7 | 0.8 








Silica content in equivalents is in ratio with the equiv- 
alents of Al,O, as 6 : 1. This is low for porcelain glazes 
but nearly correct for Bristol. Further work is under way 
to determine the influence of the increased SiO, content. 
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TABLE SHOWING MOLECULAR PROPORTIONS FOR EACH GROUP. 
Group I. 
(25 glazes.) 








Division of series into 


Division into series members. 
































Equivalent of Equivalent of 
Member 
Series No. No. 

CaO KNaoO ZnO Al,03 SiO2 

Fea Mite Sn PES Ae ER, ES | 0.8 0.2 cee I 0.50 350 
Bis aetna aeeees ete ae 0.6 On2 On2 2 Ono B38 
Sites plane ear taes | 0.4 One O.4 3 0.60 eee 
Diode eee | 0.2 0.2 0.6 4 0.70 4.2 
| Sane ENON Alclad Sites IS | 0.0 0.2 0.8 5 0.80 | 4.8 

Group II. 


(25 glazes.) 




































































Hae Ne ; Division of series into 
Division into series members 
Equivalent of Equivalent of 
Series No. evens 
CaO KNaO ZnO AleO3 SiOe 
Pa goed antl e e 0.75 O25 | Sean? I 0.50 an.O. 
DB 4stace: bee: 0.563 0.25 O.187 1 2 0.55 Be 
@ OL275 0.25 GO 375 2 0.60 276 
DDO aetenae See 0.187 0.25 0.563 4 0.70 4.2 
Td tees . | fs ae ae O25 Oni 5 0.80 4.8 
Group III. 
(25 glazes.) 
Division into series Division of series 
into members 
Equivalent of Equivalent of 
Series Member di 
No. - No. 
CaO KNaO ZnO Al,O3 SiO, 
«. a 
Ba See at <7) Sun | 0.666 | O833¢ Sas A I 0.50 20 
Ey han! Pee ae | 0.5 0.333 | 0.167 2 0.55 oe: 
Co ARs OF333 02333 | 2333 3 0.60 346 
Di heehee 0.167 03:33 | 0.50 4 | 0.70 4.2 
Sk ees hoe | 0.333 >| 0.666 5. 01 80 4.8 
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Group IV. 
(25 glazes.) 











; 


Division into series Division of series 










































































into members 
Equivalent of Equivalent of 
: Sas Sh Member 
Series No. No. 
CaO KNaO ZnO Al,O3 SiO» 
Won ns ata (oz ep AS os WO G 0.40 based I 0.50 320 
Bigepe gsr 6 0.45 0.40 O.15 Z 0.55 3.3 
Ad Mr eT ae es 0.3 | 0.40 0.30 3 0.60 3.6 
Diet ay aa. tes. 0.15 0.40 0.45 4 O.70 An 2 
acres tok Sel re eee 0.40 D608 th aes 0.80 4.8 
Group V. 
(25 glazes.) 
Diet er : Division of series into 
Division into series members 
Equivalent No. Equivalent of 
: Member 
Series No. a veanto. ‘ 
CaO KNaO ZnO AlgO3 SiO», 
TAC OES RAE Ya eo | 0.50 | 0.50 | ea I | 0.50 | FI) 
WB sas ts veh Grae | 0.375 | 0.50 0.125 2 | 0.55 aaa 
(Soyer Nepstar ion ge lows wlitorsos boos 3 0.60 26 
UB ees apd Pa oe | On 125 | 0.50 0.375 4 0.70 A 
) Sane a, Ai ean | bees | 0.50 | 0.50 5 | 0.80 4.8 
Calculations. 


As example of manner of calculating these glazes, 
that for Member 3 of Series C, Group IV, is here given. 


©. S CGUIVe W MItI O92 3X CTO! Ties sates se 30.0 
oi equiv. feldspar == "O.42X 7 556. Re es 222 24 
OF EQUIV: ZING OxIdEs=4 0137 HST nied td eh 24.3 
Ont OOUIVe ClAV kOe a 2S Grete sh net yeas tip as 51.6 
0.8 equiv finti=="0/S5 460 ew salle ile ten 48.0 





376.3 
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Procedure. 


Materials Used.—The materials used in these glazes 
were: 
Brandywine feldspar. 
Mayfield ball clay. 
Ohio silica flint. 
Whiting. 
Zine oxide. 
No soluble salt was added to check crawling. 


Making of Glazes.—Each glaze was weighed separately 
(i. e., not made by blending), the weights in each case 
being checked by at least two operators. 

The glazes were ground for 30 minutes in a 4-gallon 
ball mill screened and applied by dipping. 

Burning.—Since most of these glazes are more nearly 
of the porcelain than of the Bristol type, it was thought 
best to try them at heat ranges from cone 6 to cone 12 
inclusive. Therefore, the effect of intensity of heat treat- 
ment was studied by burning to cones 6, 8, 10 and 12 respec- 
tively. 

The length of burns varied from 26 to 52 hours, good 
distribution of heat being obtained in all but the cone ro 
burn. 


RESULTS OBTAINED. 
Cone 7! (25 hours) Stoneware. Body. 
Group I. 


Maturity.— 

1. Maximum maturity obtained in this group was 
in Series C. All members of this series have fair gloss, 
the gloss being unaffected by increase of clay. Members 
1 and 2 of Series D likewise have fair gloss. 





1 [Three burns were made to obtain one at cone 6 that would be cone 6 throughout 
the kiln. In the third burn the heat treatment was uniform throughout, but instead of 
cone 6 we obtained cone 7. In this burn we had the same cone down on the inside of the 
saggars as on the outside. 
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2. The gloss of the remaining members of this group 
is very slight and such as there is decreases with increase 
clay content. 

3. The gloss remaining equally fair throughout Ser- 
ies C points to the possible conclusion that with CaO and 
ZnO in the ratio of 1:1 increase in clay (from 0.3-0.6 equiv- 
alent) will not materially decrease the gloss. 


Opactiy.— 

I Opacity increases. with , increase of » clay con- 
tent in all of the series of Group I. 

2. Opacity is increased as the zinc is increased at 
the expense of the CaO. 

3. Increase of ZnO is much more effective in increas- 
ing opacity than clay. 

4. All members of Series C have fair opacity, Members 
4 and 5 being as white as tin enamels. | 


surjace Dejfects.—— 

1. Ignoring defects which were obviously due to 
accidental causes, we find in Series D and FE that high 
clay has caused a separation of the glaze quite similar 
toscracqneliny, 

2. Nocrawling is evident. 


Group II, Cone 7. 


Maturity.— 

1. The members of the series of this group are slightly 
more glossy than the corresponding members of Group I. 
2. Members of Series C again have the best gloss. 

3. Increase of clay causes reduction in gloss. in all 
series of this group. 


Opacity. : 
1. Same as that of Group I. 
Group III, Cone 7. 


Maturity.— 
1. The glazes of this group as a whole are more 
glossy than those of Group II. 
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2. Effect of clay in decreasing gloss is seen in this 
group also, but not so pronounced in Series D and E (2. e., 
with high ZnO). 


O pacity.— 

1. The opacity of Series C of this group is only 
slightly, if any, less than that of Series C, Group I, not- 
withstanding the lower content of ZnO (0.333 as compared 
with 0.4) and greater degree of maturity. 

2. Series D and E are white enamels throughout. 

3. The members of Series C show gradations in opac- 
ity from Member 1 which is a good glossy stoneware 
white, to Member 5 which has the whiteness of tin enamel 
although lacking somewhat in gloss. 


Surface Defects.— 

1. Members of Series D and E are badly cracqueled, 
those of Series E being the worse. This cracqueling thus 
seems to be made worse by the increase of ZnO at the 
expense of CaO. 


Groups IV and V, Cone 7. 


Maturity.— 

1. Except for Series A and B (high CaO) the glazes 
of these groups have no better gloss than those of Group 
III, the gloss of Series E being at its best in Group III. 

2. In Series A and B the gloss increases continuously 
from Group I to Group V, but in all other series maxi- 
mum gloss is attained in Group III (0.333 equivalent feld- 
spar). 


O pacity.— 

1. Opacity increases with both increase in clay and 
ZnO as in the preceding groups, the opacity of the 
members of Series D and E being equal to that of tin 
enamels. 

2. The opacity of Series C decreases slightly from 
Group whom. 
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Surface Defects.— 

1. With high calcium, the glazes of Group V (Series A) 
seem to have shrunk, leaving an unglazed margin around 
the edge of the tile. Those members lowest in clay seem 
to have shrunk the worst. 

2. Crazing is bad in all members of Series A, B and C 
andin Dri of both Group IV and Group V and in D2 of 
Group V. 

3. Crazing decreases with increase of Al,O, and ZnO. 


General Conclusions on Cone 7 Burn. 


1. Good Glazes.—The only glazes which may be clas- 
sified as good from a commercial standpoint are the white 
enamels of Series C (1, 2, 3) and D (1-5 inclusive) of Group 
III. Member 1 of Series C, Group III is as opaque as the 
best of Bristol glazes while the other members of this 
group are much more opaque, and those of Series D, Group 
III are excellent white enamels. 


2. Influence of Clay.—(a) In the high calcium series, 
addition of clay increases the refractoriness. 

(b) When ZnO is 0.4 equivalent or more, increase of 
clay appears to have but slight effect on the gloss of the 
glaze. This is more pronounced as the feldspar increases, 
due perhaps to the total clay content, being less and less 
as the feldspar increases. 

(c) Increase of clay in any of the series causes increase 
in opacity. 

(d) In these studies, increase of clay has not caused 
increased cracqueling nor increased shrinkage of the glaze. 

3. ZnO versus CaO. : 


(a) Members 1 containing no ZnO and 0.50 equiva- 
lent Al,O, are transparent. 

(b) As the ZnO increases the glazes become more 
opaque, good opacity not being obtained with less than 
0.333 ZnO unless the Al,O, content exceeds 0.55 equivalent. 

- (c) Crazing decreases with increase of ZnO. 
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(d) With low feldspar (less than 0.4 equivalent) max- 
imum gloss is obtained when the ratio of CaO to ZnO is less 
than 1:1 while with higher feldspar the ratio of calcium to 
zinc must be higher, 7. e., at least 3:1. 


4. Effect of Feldspar. 

(a) With the lowest Al,O, content here experimented 
with (0.5 equivalent), maximum gloss is attained with 
0.333 equivalent of feldspar. 

(b) Feldspar increases tendency to craze. 

(c) The crazed glazes are: 


Group III, Series A, Members 1, 2 and 3. 

Group III, Series B, Members 1 and 2. 

Group IV, Series A, Members 1-5 inclusive. 

Group IV, Series B, Members 1, 2 and 3. 

Group IV, Series. C, Members 1; 2 and 3. 

Group IV, Series D, Members 1 and 2. 

Group’ V, Series A, Members 1-5 inclusive. 

Group’ V, Series B, Members 1-5 inclusive. 

Group V, Series C, Members 1-4 inclusive. 

Group V,Series.D, Members 1. and) 2, 

(d) To counteract crazing, decrease the feldspar and 
increase the zinc and clay. 
(e) Except in Series A and B, mere increase of K,O 

(at the expense of CaO and ZnO) does not affect opacity, 
and with this it follows that since the total amount of 
clay used as a source of Al,O, decreases as the feldspar in- 
creases, any statement which has been made to the effect 
that increase of clay increased opacity must be considered 
as applying only to the results obtained in a given series 
where the equivalent of feldspar, zinc oxide and whiting 
remains constant. 


Cone 8+ (28 hrs.) Stoneware. 
Comparison with Cone 7 Burn. 


1. Except for increased gloss the glazes with this 
heat treatment show the same evidence noted in the cone 7 
burn. 
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2. Maximum gloss is obtained in Group IV (feldspar 
0.4 equivalent). 

3. The gloss of Group II with this heat treatment is 
the same as that attained in Group VII at cone 7. 

Good Glazes.—The glazes which, except for crawling 
(see p. 18), would be fair or good stoneware glazes, with 
this heat treatment (cone 8) are, for Group I-III inclusive, 
as follows: 











Series _ Members 








Ae Petts Nae SIR « I 2 2 

cheat cea evens sonnets I 2 3 4 | : 
CO Saka ne Eevee ERAS Be I 2 3 4 5 
Ns tacatere. te Gaba Oeeest is I 2 3 4 : 
TSR ewan y ftecacok eke ; 








In Group IV all of Series C and Members 1, 2, 3 and 4 
of Series D would be good stoneware glazes. When clay — 
exceeds 0.1 equivalent, however, care would have to be 
exercised to prevent the glaze from parting in drying for 
when the glaze surface is thus broken, crawling of the glazes 
containing ZnO invariably follows. 

Nearly all the glazes of Group V and those of Series 
A and B of Group IV are crazed. j 

Opacity.—None of the glazes are perfectly transparent, 
Members 1 and 2 of Series A being the most so. 

The glazes are not any less opaque with this heat 
treatment than they were at cone 7. For a cheap enamel 
with this heat treatment (and they were good at cone 7) 
attention is called to Members 1, 2 and 3 of Series C, Group 
III in which the zinc oxide content varies from 8.2 to 7.13 
per cent. as compared to the 1o per cent. and more content 
in a great many Bristol glazes used in factories to-day. 
See otullp. GLO, W OL uli fans. AC... 

Increase of feldspar has not decreased the opacity, 
i. e., with a given Al,O, content and a given ratio of CaO to 
ZnO, we have equivalent opacity without regard to the 
source of the Al,O,, 7. e., whether from feldspar or clay. 
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Crawling.—Owing to some cause (not fully known) 
some of the glazes crawled badly. The only known factor 
that would have influence in promoting crawling in this 
investigation was the fact that heavy wads were used 
between the saggars and the heat was brought up rapidly, 
thus possibly causing the generation of steam within the 
saggars. Crawling has occurred at hit and miss places 
through the groups and series thus giving no evidence as to 


‘influence of change in constitution of the glaze. 
In this cone 8 burn, there was no parting of the glaze 
similar to cracqueling. 
Crazing.—Crazing is seen in: 


Group IV, Series A, Members 1 and 2. 
Group [V; Series B, Mempers 1: 
Group V, Nearly entire group. 


Good Glazes.— 


Cone 8 Porcelains 


Group” 71) > series ns, “aleniver 17.2 

Group. 1, — series*B, Member 1,254 
Grouper Series C, Member 1, 2, 3, 4 
Group Il, Series<D,- Meniber<1;..2,°35.4 
Group II, Series. A; “Meniber. 1525.2 

Group Ii, Series B, Member 1, 2, 3, 4 
Group: Tl ~ Serres, = Member1 525057435 
Group Iii series D> Memperrig2, 3114 
Group Ill, Series Ay Meimber1).253,.4 
Group Til,” Sertes:B,) (Member 7,,12553}-45)5 
Group Li. Series .C; sMemberma., De 8 ala as 
Group ii. Series, D,, Member 182.3844 
Group IV, Series A, Member-1, 2, 3, 4, 5 
Group IV, Series B; Member 1,-2; 3, 4,5 
Group IV, Series C; “Member ‘1’, 2", 37, 4°,.5 
Group IV, Series D, Member 1’, 2', 3', 4° 


The glazes of Group V either crazed or have too much 
of an egg-shell texture. 





1 Glazes marked with ! are the best. 
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Cone 10 + (49 hours) Stoneware and Porcelain 


In this burn the distribution of heat was not as good 
as desired, and the conditions attending the firing prolonged 
the burn to an undesired length of time, resulting in a 
much inferior burn to the two just studied. 

Inasmuch, however, as these same series of glazes 
were studied last year, we have a good check on the cone 
10 heat treatment. The following notes, therefore, are 
composits of the results obtained on these two occasions. 

In general the results obtained check those of the pre- 
ceding burn (cone 8). 

The degree of opacity on the stoneware body has not 
been impaired to any noteworthy degree by the increase 
in heat treatment, nor has the prolonged heating seemed 
to have had material effect, except in glazes which have the 
maximum zinc content, 7. e., in Series D, Groups I, II and 
III. In these, the glazes are less glossy. 

The best glazes are found in Group III and IV, Series C 
and D. 5 

The gloss on the porcelain body while quite pronounced 
is not as good on the average of all trials as in the cone 8 
burn. Those of the cone 8 were smooth glasses, while 
those of this burn are more on the egg-shell order. 


Cone 12 (52 hours) Stoneware 


The effect on opacity of increased heat treatment from 
cone 10 to 12 can not be discussed wholly from the trials 
at hand because in the cone 12 we had some flashing that 
brought the iron spots from the body through the glaze. 
In the experiments made on this same series of glazes last 
year, the gloss in the low zine glazes was not impaired 
by the increased heat treatment but the opacity of the 
high zinc was reduced. The results this year apparently 
check those of last year in that the gloss of glazes in Series 
A of each group is brighter, if anything, than that of the 
gloss of same glazes in the cone 10 burn. 
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The gloss of Series E of Group I to III, inclusive, is 
completely lost while that of Series E, Group V is not de- 
creased to any extent with this heat treatment. 

Good gloss is obtained in Series A, B, C of Group J, 
Il and III, and in Series A, B, C, D'of Group JV, and in 
all the Series of Group V. 

With this heat treatment, the effect of clay is about the 
same as in the preceding burns except that when feldspar 
is less than 0.5 equivalent (Group V), the members of Ser- 
ies D and E (high zinc) have suffered a decided loss in 
gloss, this loss being the greatest in Group I and progres- 
sively less as the feldspar increases. 

Crazing with this heat treatment is just the same as 
with the less severe heat treatment. 


Cone 12 (Porcelain) 


1. The good glazes with this heat treatment are as 
follows: 


Group ol, SeriesiA;, Menibersi192,-3 

Group 71, Series Ba Mein beree1, 25 304.05 
Group. 1. peries;C.. Menrbers: 1.02722 

Group. I, Series Dy Members 22553 

Group, “11, Series Mem ergi.n ess 

Group» Ii, -seriestB = Meniberssmi2 oc 5 
Group. “Il; Series:G,) | Menrberc- 1,2 3504585. 
Group: II, Series D, Members 17, 27, 3°, 4? 
Groupilil,) Series. A, Members 1, 2, 3, 4 
Group II) series). By, Members) 1, 25.354 
Group IT, Series. Cy .Membensit tire saan aoh 
Group III, Series D, Members 1, 2, 3, 4, 5 
Group IV, 25enes Ay eMembeéers 42 needa 
Group. [V3.-oenteseB, .Membersi1). 25 353465 
Group Lv ,wqpeties: Cy MemDersit 2 yea as 
Group IV, Series:D, ,Members 1, 25.3,14;.5 
Group iLV;: series, H, (Members a7 242 

Group V, Series A, Members 4, 5 crazed 





1 Glazes marked with ! are the best. 
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Group V, Series B, Members 3, 4, 5 

Group V, Series C, Members 2, 3, 4, 5 
Group V,. Series D, ‘Members 2; 3, 4, 5 
Group V, Series E, -Members 1, 2, 3, 4 

2. The best glazes of the entire burn on porcelain 
are in Group III, Series C. 

3. As the feldspar increases, the Al,O, content may be 
present in-larger amounts without impairing the gloss 
or. texture. 

| With the maximum feldspar, high Al,O, is required to 
overcome the finely rippled surfaces peculiar to egg shells. 
These egg shell surfaces are greatly like the surface pro- 
duced by overfiring softer glazes, and since we find this 
egg shell finish increasing with increasing heat treatment, 
it may be also said to be due in this instance to overfiring, 
but we find this peculiar texture more characteristic of 
the high feldspar glazes which we know are not as fusible 
as the glazes of Groups III and IV. 

Except in Groups IV and V, the glazes highest in 
zinc (Series E) are dull and dry. 


Summary 


In the following charts will be found letters denot- 
ing comparative gloss, opacity and crazing. The sym- 
bolswused “are: 

Dr represents dry. 

Duerepresents dull: 

SG—, $G, SG+, G—, G, represent successive 
degrees of glossiness from a slight sheen to good bright 
glossy surface. 

T, T—, SO—, SO; SO+, O—, O, O+ represent 
Successive degrees of opaqueness ranging from transpar- 
ency to a very good white enamel. 

C represents, crazing. 

Opaque Glossy Glazes.—The rectangular spaces marked 
off by dotted lines are the areas of best opaque glossy 
glazes at each of the heat treatments. 


PORCELAIN GLAZES. 


566 





TO. o)s 





+O ‘9S 


+0‘) | 



















































































sdnoi5y 


AUVMANOLS 4 ANOOD 





Iq 4 To. kas | 
+0 ‘—9S +0 ‘9S +09 nq | nq | t 
+0 ‘—9S +0 ‘9S +0‘'9 nq | nd SCN eeieatens a 
O ‘nd +0 ‘9S +0 ‘9 nd | nd | z 
O ‘na +0 “OS + Ooo ee CE nd I 
+0 ‘9S +0 ‘9S +0'D } +o ‘nd | o‘nd | ee 
BONIS hone dee On OS +09 | +0 ‘9S +0 ‘5s ae) 
+0‘+98 +0'—5 +0'9 | +0 ‘9S PO ge | Pete oer q 
O- +0305 Oat) Oui” OLS SA OLLOS | c 
OO a Oe Meee ee OP On Oe. OD) | +0 ‘9S | Paes eal ene | 
0 ‘9S as O'os | OLDS Tete Oa esas | 
ieee ety i dn ee: On OS -, 0 '9S O'S Cane) pee 
3 ‘os ‘+98 9 ‘0S ‘—9 OS ‘D 0 ‘+98 —os —9 eet eee 
2.‘0S ‘+98 Oe 5) SOGsS). & OS ‘+98 0s) c | 
Ie 0S =o J 2OSt 0. pr Oost Os ‘+98 esOS aa I 
2‘9S 5s nd Id id | ca 
9 ‘9S nS nd —Os ‘—9S nd aoe 
496 9 1 ‘9s —], ‘9s L‘—9s L‘—9s aaa ee eal a 
24 ‘9 yee OS — ‘+98 1205 L‘9s ee 
Oe dip aae Oe ates eenlee OS L‘+98 IES i ; 
9 ‘nd eal iq | Iq id S | 
ond O2ncd nd nd nd v 
Ses Orv ES Eos Tes reece ae ae Vv 
>) ‘L ‘5s 21 ‘os WSs L‘—9s Was Sh eee 
@rincs) y=) L'—5 L ‘9S TeSys st 
A Al III II | iC 








567 


PORCELAIN GLAZES. 



























































GaXVMANOLS 8 ANOO 





+0 ‘+98 +0 ‘OS OS OOS | iq $ 
+0‘+9S +0‘+9S | +0 ‘9S +0‘+9S | Id $ 
On Os +0 “0s +OS 9 One) | nq pi ote cee i 
Ota w es +O ac OS 7 Okay) Oa) OS E 
0) se Os fOpsn) One| es : 
9 ‘+98 +09 +09) o'9 | 0 ‘+98 ¢ 
0‘+98 OLY) +0'9 0'9 | Olseo v 
Orzo O-%) +0.9 Os: Oy.) i ear estos da 
pa @ cs) Ord Oa) Oo Ona) c 
OS Sa O-5) O'S On | oo) sOtae® I m8 
Oso Os ‘9 Ota) 0'O f Oo ==9 s 
SOT |e OS: oy) O79)“ OTe) y 
OS4Or 4: 30S ~0) o-d On Of) ema Geeta a o 
os‘) |: =O0SiD 09 OO 4 OD é 
SES USE Eee hee, Or ils sees De De ace Os 9 | 09 : 
= Ose =-0Si05 0 ‘9S CFDS 7 0S~e 08 $ 
OS. Oo OS 42s Orr 208-08 ==0S OS b 
OSes —=OS GOs He) =-OS 220 SOS sos ee eae eg cae os d 
OSS —OS ‘+9S 2) =) AS ohare 5) tied. c 
Ow beOes 2 O  OSe dws tOGies) bs 208 I 
= OG jean). 05,206 —OS ‘Ta nd nd s 
O-—0S 9S 70S 0S £208 aS nd v 
oD OSeLOS =OSia) LEkDs EDS EOS ¢ Vv 
Suleoeos Se isa) ToS Leos LOS 7 
Dike oo) Dele Lats Eas ‘Laos I 
A AI Iil II | u 

















PORCELAIN GLAZES. 






























































O‘+9S OS +0‘+9S Iq $ 
+0 ‘9D +0 ‘9 o‘+9S HOG Ste ease v 
CRON) wal fa Sienve ard +0: ‘9 +O —*) ‘QS ae Maceo oe at 
= A vp Oc yoo eee a eatly Pe +O =) Oso +0‘+9S c 
0: =): Oe ree) Ole 0 =a pence ss I 
O39 +O" Ona 0 ‘+98 OS s 
OF) +0 ‘9 +0‘9 0‘+9S Osa v 
OSM Oe +09 Ove a2) +0 == PN ar anegs Sess ae, a 
+08 ‘9 0'9 0 ‘9 os ‘9 Ona ok S 
Os ‘O =D Os Sonat OFD sce = a 
+ 0S ‘—9 —o'D +0$‘+9S o'-9 +99 |S i 
OS ‘O OS ‘OD + 08 “9 FOS") OST) v ir 
—] ‘x) —]I ‘x) Str OO Os ‘xy Os ‘—1 c fev sine bY rat ele a 
ee LAs rl Oe 58.9) =0S"9 OS 9 c ms 
LOTS SL ee ene Oo Paice. are OF : = 
os ‘9s | —os‘+9s —os ‘9S OS ‘+98 —9s g a 
OSt==29 OS (Gt) 0S 0) =05599 Ls ms 
os =) i SS if alos ‘Saag t 
A Faso) i) ze ee ae ee =r. 40S Soa 
£9 Teen ae: L‘+os LOS I | 
=OsrOs | OS ss nd +1¢d nd cone 
—1, ‘9s —r‘os | —os‘—9s —os ‘nd —I,‘—9s re 
ler) —I‘+9S Tos 16 =I, ‘9s € | eet V 
a) reer fg eae) ios EOS L ‘Os c 
Lao L‘+9s VS 13s 15 I | 
A Al IIl rk I 
sdno15 














569 












































0‘+9s OS Iq Iq Iq $ 
9 EG +95 | nd nd Id b 
=) ‘xy —y nd nd nd Ce seme a Peo Ce iiare I 
ont) =) nd nd nd c 
Oro) Pics, eee ls 9S 9S I 
‘9S On) 0 ‘9S 0 ‘9S Os s 
oS Oro Oe) Or) O2=5 Vi 
9‘+9sS Ono On O79 O38 eee ad 
Deon) O'D OS ‘9 O29 Og c 
Decoy) O'D Os ‘OD SO) ee OSes) ah a 
#3 i OS ban) OS aS + OS° 9S OS toa) OSs 5 
re ScOS. a) OS an) 0S e. OS ‘9 OSs ‘9 u 
= Ono a Oona +08 ‘9 OS ‘9D OS ‘9 asad mabe aes 2) 
ie) Oa OSeaae Ose) Os OS ‘D Os ‘9 c 
Z Jes 22S Sales a9) OS!) Os “O OS ‘9 ; 
hee 6 OS 08 + OS 0S 1 OSs 0G OS (+98 OSes $ 
Pee here o 0s 20S OG JS =SGep SPs) OS ‘+9S “é 
me J Os a OS: 406 Os ‘+9S Sao —OS ‘+98 eee ay q 
Au Joh oS 2 OS +95 ==OS- 45 1 Gra) OS) a es c 
‘EL ‘+98 D-OS 9S —OS ‘+98 dese) Ose Os I 
) —0s-9s 9 ‘OS ‘9S OS ‘9S —OS ‘9S 20S) 05 $ 
One-OS OS ‘9S —=O6,°9S OS “9S 2206206 v 
Ont tS 3,.05-05 =a JS ==0S 0S 2 ‘OS “OS es eee Vv 
9‘L‘+9S 9 ‘OS ‘9S | —1.0s OSs 0b. OS Z 
OL-+Ds 29 ‘OS ‘OS Des Pe Fs). a OS I 





A 





AI 


| 





| III 











sdno1sy 








AUYVMANOLS ©! ANOOD 








PORCELAIN GLAZES. 


The percentage composition of the extreme glaze of 
each series included within the largest of these rectangles 


are here given: 




































































Glaze Ci Cs; 
Groups II Tit IV II | III | IV 
Wii tino. 2 os : 11:4 10.1 | 9.2 7.8 6.9 Oa2 
Feldspar.i2.2u% 41.9 5 Om3 | 68.2 28.9 S207 46.7 
Clay Sue 19.4 Tee 9 29.5 242 PF BAG) 
Blin Cee ee. 18.1 122 | wie! Di Os 2305 20:2 
Zinc oxide. .... Bas anaes ve vee Org 5.6 Bod 
‘otal ener 100.0 99.9 | 100.2 99.9 99.9 100.0 
Glaze D, D5 
Groups aot Ill IV Up Iil IV 
AA ahh ba CCR Papa arin Name tin. Ser 50 Cee 4.6 BQ 255 oat 
Beldsparin silane ee ee 42.8 57.0 69 .O 29.1 | 39.0 47.1 
LAr Bits marcos Peet ain 19.7 C3 2 8.0 9.8 25.4 2148 
Bimt?.. 133 12:3 7 a0 DEO 20.2 
Zinc oxide..... ees) 12.3.5 | Aline OHO ESLOeS ie 
CUO LAL auisaiieracie get 99.9 | 100.1 | 100.2 | 100.0 | 100.0 | 100.0 














The composition of the intermediate glazes could be 
obtained by interpolation from those given above. 

Of these glazes, those of Group III and Group IV are 
in all. respects: the..best. ...Group.LV..-D2 4s.practicallyeine 
same glaze as glaze VI, D recommended by Purdy in Vol. 
V, Transactions A. C. S., p. 165, as being a good opaque 
glaze maturing well at cone 6. In this experiment it has 
excellent heat range (7-12) and has very fair opacity. 
Molecular formula for IV, D2 is: 


o.40 K,O 
0, 15;CaOv? 0555 ALO23- e310, 
0.45 ZnO 
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Glaze V, D2 is quite similar to Parmelee’s H-30 (p. 595, 
Vol. IX, Trans. A. C. S.) and to the one recommended by 
Purdy in his first paper (p. 76,. Vol. IV, Trans. AwC.S.). 
While this glaze has excellent heat range, opacity, etc., 
on flat tile, our general experience with the glazes in Group 
V, which contains 0.5 equivalent feldspar, gives emphasis 
to the warning given by Purdy that on wares burned under 
commercial conditions, this glaze would not be as free from 
physical defects as would those containing less feldspar. 
Factory experience by former students of the Ohio State 
University, Ceramic Department, in sine instance checks 
Purdy’s findings in this respect. 


Opacity 


Our summary on opacity will be made in the follow- 

ing order: 
| Influence of ZnO 

Influence of CaO 

Influence of ZnO vs. CaO 
se EnAuence oF. AiO. 

Influence of Clay 

Influence of Feldspar 

Influence of Heat treatment 


ODM OW Pb 


A. Influence of ZnO. 


I. Since, on comparing corresponding members of the 
series in any group, we find that the opaqueness of the 
glaze increases rapidly with each increment of ZnO, it 
follows that ZnO operates decidedly in producing opacity. 

Po OWetd Oe he) Witt, 0-5). Alar Ve D1). and 
0.15 ZnO wiih o.8 Al,O, (1V, B5) produces opacity equal 
to the best used on stoneware. This is in accordance with 
Purdy (‘Bristol Glazes,” Vol. LV, Trans. A. C. S.) who gives as 
his lower limit of ZnO content with o.5 Al,O, as 0.35 equiva- 
lent. None of his glazes, however, contained more than 0.5 
Al,O,, which accounts for the fact that his lower limit of ZnO 
content is higher than that found in this investigation. 
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B. Influence of Cad. 

1. In passing from group to group, the opacity of 
corresponding members and series remains practically the 
same in spite of the fact that ZnO and CaO are decreasing 
simultaneously. This may result from the decreased CaO, 
causing either a decrease in the amount of molten solvent, 
leaving more of the glaze ingredients as undissolved or sus- 
pended matter, or in a decrease in the solvent action of 
the molten flux. Then again, since we know that in mix- 
tures of calcium oxide and clay we have decided chemical 
reactions resulting in a complete recast of the constitution 
of the -mixture, the composition of the new compounds 
thus formed being of at least three sorts,’ we might argue 
that this constancy in opacity in the corresponding mem- 
bers from group to group may be due in part to the forma- 
tion of certain CaO—Al,O,-SiO, compounds as suggested by 
Parmelee.. We believe, however, that aside from the change 
in the amount or in the solvent action of the molten flux, 
or in the possibility of the separating out of new CaOQ—Al,O,— 
SiO, compounds, this constancy in opacity in the corre- 
sponding members from group to group may be due (at 
least in part) to the mere increase of feldspar. 


In the following table is given the percentage composi- 
tion of the extremes of Series C in each of the five groups. 
The opacity of each of these extremes, as well as that of the 
intermediates of this series, did not differ from group to 
group. This same constancy in opacity of the correspond- 
ing series and members from group to group was exhibited 
in all the series. 


1 Rieke, Sprechsaal, No. 45, 1907. 
24 Pras eA. Co5:,0V Ol Ioe 
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C. Influence of ZnO vs. CaO. 


From Series C, where the ratio of CaO : ZnO is as 
1 : 1, toSeries EF containing no CaO the opacity is decidedly 
increased, and from Series C to Series A (containing no ZnO) 
the opacity is decidedly decreased. This shows that ZnO 
is positively an opacifier while CaO certainly adds nothing 
to the opaqueness of the glazes even when present in amount 
as high as 0.8 equivalent (Gr. 1, Series A). This is contra- 
dictory to the impression received from a statement by 
Parmelee, p. 5979) Olle, Vrans. A .Co5. 


D. Influence of Al,Os3. 


t. By comparing Members 1 to 5. in Series A (which 
contains no ZnO )we find that the degree of opaqueness is 
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the same for corresponding members in each of the groups, 
notwithstanding the fact that as we pass from Group I to 
V, the equivalent of K,O is increasing at the expense of CaO 
and the Al,O, is being derived more and more from feld- 
spar, and the content of free flint is progressively decreasing. 

2. As pointed out under the heading ‘“‘Influence of 
ZnO,”’ 0.15 equivalent of ZnO requires 0.8 equivalent 
Al,O, to produce opacity equal to that produced with 0.375 
equivalent ZnO and o.5 equivalent Al,O,. Since these 
glazes are highly viscous, and as glasses are far from per- 
fect solutions, and since increased opaqueness in these 
glazes is nearly always due to material in suspension which 
has either never been in solution or has crystallized out from 
solution, and again, since CaO has been found empirically 
to react more readily and in larger proportions with clay 
than does ZnO, it is not difficult to figure that with high 
CaO we must have more clay to obtain equi-opacity. 

Rieke (Sprechsaal, No. 46,°1907) found 3Ca0O,Al,O,, 
4 910, to be the most fusible mixture of these oxides. Since 
in such fusions it has been found that, of the calcium alu- 
minum silicates, anorthite is the most readily formed, we 
can assume that Rieke’s mixture was: 


CaQOAlO;2010n +2 CaOa10.. 


Now since Vogt found that orthoclase and anorthite 
formed a slight eutectic when mixed in equal proportions, 
we have as a most fusible mixture something of the fol- 
lowing: 

K,OAI1,0,6510, (orthoclase) 
CaO Al,O,25i10,(anorthite) 
2CaO25i0,(wollastonite) 


LO K,O ( 2 Al,O, 10.0 SiO, 
3.0. CaO. f 


Reducing this to 1 RO we have 


0.25 K,O 


-§ ALO on 5 SiO 
0.75 CaO ines 2VJ3 2.5 9lUs, 
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which practically corresponds with our glaze, II, A1, and 
with the mixture which Seger (p. .236, Vol. I) found ...to 
be the most fusible with, this SiO, content (3.5). Since 
there is a eutectic between wollastonite and flint, and 
feldspar and flint, it is not surprising that Seger found it 
necessary to increase the $10, from 2.5 to 4/0 in:order to 
obtain greater fusibility (see cone 4). 

Now, if we add clay to the above mixture together | 
with the free SiO, necessary to retain the Al,O,-Si0, ratio 
of 1 : 6, there would not be any substance with which the 
clay could react chemically at these temperatures; hence, 
clay would have to remain suspended in the molten matrix 
as undissolved material and as such would add to the opacity. 
Zinc added to this mixture in increasing amounts would 
at first cause easier fusion, and then progressively greater 
opacity. In case of corresponding members of each of the 
series in any one group, we have the CaO-ZnO ratio vary- 
ing, 7. e., as the ZnO increases the CaO decreases; hence, 
in these experiments we have the progressively increased 
opacity from series A to E due not only to the ZnO excess 
but also to the fact that we have less and less CaO to react 
with the clay, thus leaving more and more of the clay in 
suspension. Calcium oxide in any of these mixtures, there- 
fore, can not be considered as an opacifier, either directly 
or indirectly in the manner suggested by Parmelee (p. 
RO WV Os UNE Tan sa AG 59, ) 

Comparison of the effect of CaO and ZnO in simple 
mixtures is obtained in V, Ar and V,E1. In V;A1 we have 
0.5 equivalent feldspar and 0.5 equivalent whiting and in 
V, Ei we have o.5 equivalent feldspar and 0.5 equivalent 
zinc. 

Recalculating V, Ar into the mineral components 
which our best authorities say we would obtain, we find: 


0.25 equiv. leucite (K,OAI,0,4510,) 
0.25 equiv. orthoclase (K,OAI1,0,6510,) 
0.50 equiv. wollastonite (CaOSi0,) 


This mixture at cone 7 is a good transparent glass 
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badly crazed and so shrunk as to have left a border of un- 
glazed tile on all the edges. That this mixture should be 
more fusible than feldspar is readily explained by laws of 
solutions, and we fail to see how Seger could have found this 
mixture so refractory (see Seger, p. 232, Vol. I). 

Mixture V, E, on the other hand, covers the tile com- 
pletely as a thin sheet of white enamel. It has considerable 
- gloss but its surface is pitted as though it had been affected | 
by sulphur. 

The zinc-feldspar mixture certainly is more fusible 
than feldspar alone, but at cone 7 it is far from being a 
homogeneous glass. 

At cone 10, V, Ai has so attacked the body as to give 
the appearance of a thin, perfectly clear glaze over a gray 
underslip, whereas at this same cone, V, Er is a good white 
enamel, having a few craze marks as its only blemish. 


E. Influence of Clay. 


1. Replacement of. Al,O, from clay by Al,O, from 
feldspar has no effect on opacity. 

2. Increase of clay from member to member increases 
opacity. Reasons for these effects of variation in clay 
content have been given in the discussions under D. 


F. Influence of Feldspar. 


1. Increase of feldspar from group to group has little 
or no effect on opacity. 


G. Influence of Heat Treatment. 


1. Increased heat treatment has but slight effect on 
opacity due, no doubt, to the fact that these glazes do not 
form perfect solutions in the temperature ranges included 
in this experiment. Increasing the heat treatment from 
cone 10 to cone 12 has caused the glazes to dissolve material 
from the body, producing the effect similar to a light gray 
underslip beneath a transparent glaze. Glazes which were 
transparent at the lower cones are still transparent at cone 
12. The fact that the upper surfaces of the glazes are not 
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made opaque by this dissolved material is due to the ex- 
treme viscosity of the glaze. That this lower layer is very 
light in color even on a fire clay body in a ‘‘flash’’ burn is 
worthy of study. 


HEAT RANGE. 
A. Influence of Change of Ratio of RO to R,O. 


K,0 vs. CaO (Series A).—With 0.20-0.25 K,O the 
glazes are hard slips except at cone 12. Asthe K,O increases 
from 0.2 to 0.5, the ratio of Al,O, to SiO, being constant, 
the glazes show fluidity at cone 7, with 0.33 K,O 0.67 CaO 
although the lack of good gloss of this same glaze at cones 
8, 10 and 12 indicates that the progress of fusion is very 
slow and quiet, there not being sufficient SiO, present for 
perfect solution. 

With 0.4 K,O 0.6 CaO, Members 1 and 2 show, at cone 
7, little more evidence of fluidity than those with less K,O 
but at cones 8 and 10, these glazes show evidence of boiling, 
while at cone 12 they are smooth coatings but lack in gloss 
the same as that which those of the preceding series dis- 
played at cone 12 and approached at cone 1o. 

With 0.5 .K,0 0.5 CaO,:Members.1,.2. and 3 display 
this boiling tendency from cone 8 to cone 12, although at 
cone 12 these glazes, where thin, have attained the same 
degree of glassiness as those lower in K,O. 

The evidence indicates that with less than 0.4 K,O, the 
glazes pass from a slip to a glaze with little disturbance 
tONLS Suftace, exceptiin thescase of, the,o0.334K,O.clazes.at 
cone 7, and that none of the glazes in Series A, Groups J, 
II and III would be classed as matured unless it be at cone 
12, which gives not a glaze but a shiny cintered slip. How 
far above cone 12 the members of these series could be car- 
ried before serious deterioration occurs cannot be deter- 
mined from the evidence at hand, but it is doubted whether, 
with this Al,O,-SiO, ratio, a good bright glaze could be ob- 
tained. 

The glazes of Series A, Group III, have the longest 
heat range within which they remain as smooth semi- 
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glossy coatings and of the member of Series A, we find the 
maximum heat range with 0.55 equivalent of Al,O.. 

K,O vs. ZnO (Series E):—As the K,O increases: in 
this series at the expense of the ZnO, the first glaze which 
shows gloss at cone 7 is with 0.33 K,O 0.67 ZnO. With 
0.4 K,O 0.6 ZnO we find the same evidence of boiling which 
was displayed in the analogous glazes of Series A. 

At cone 8, Member 1 of Series E in Groups I-IV, inclu- 
sive, and Member 2, Series EH, Group V" are” good® Glossy 
enamels, whereas the other members of this series either 
lack in gloss or have the pin-hole evidence of having boiled. 

At cone 1o the only glazes in Series EK which are smooth 
glossy enamels free from this pin-hole blemish are Members 
1 and 2, Group II and III, and Members 3 and 4 of Group V 
(Members 2 and 3 of Series E, Group IV, are missing). 

At cone 12 the glazes of Series F in Groups I-III inclu- 
sive (being less than 0.4 K,O) have suffered so from volatil- 
ization of ZnO that they are mere scums. With 0.4 K,O 
or more (Group IV and V), glazes of this series have resisted 
the tendency to volatilize and are good with the exception 
of Member 5, Group IV, which has o.8 Al,O, and which 
shows a tendency to dryness. 

The heat range (within which glazes of this RO are 
good glossy coatings) seems to depend entirely upon the 
ability of the glaze to hold the zinc from volatilizing. 
With low feldspar and high clay (Groups I and II, and Mem- 
bers 3 to 5, Groups III and IV and Member 5 of Group V) 
the glaze cannot prevent volatilization of the ZnO. When 
the ratio of feldspar to clay is higher, the glazes seem to 
have formed glasses of sufficiently high viscosity as to pre- 
vent volatilization and hence maintain a good glossy sur- 
face throughout longer range of heat treatment. 


K,O vs. CaO + ZnO. 


Cone 7.—The good glazes of this RO combination 
obtained at cone 7 are those of Series C and D, Group III. 
With K,O less than 0.33 equivalent, we find lack of gloss, 
and with more than 0.333 equivalent K,O we find that the 
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glazes have pitted surfaces and the appearance of having 
been solidified while boiling. 

Cone 8.—The glazes of Series C and D have developed 
to good glazes in Group I to IV inclusive. 

Cone 10.— We have good glazes in Members 1, 2 and 3 
of Series C and D in Groups I to IV inclusive, and in Mem- 
bers 1 and 2 of Series D, Group V, and Members 1 and 2 of 
series E, Groups II, III and IV. 

Cone 12.—None of the glazes can be said to be good 
at cone 12 because they have not smooth glossy surfaces. 
In general, when K,O-CaO and ZnO are present as the 
RO, we have the longest heat range in Group III and 
Group IV; Series.C and -D. 

Feldspar vs. Clay.—As feldspar increases from group 
to group and the clay content proportionally decreased, 
the Al,O, from clay is being replaced by AI,O, from the 
feldspar. As the feldspar increases, the glazes change from 
slips in Group 1 to semi-glazes with glossy surfaces in Groups 
Ill and IV. We find the longest heat range within which 
these mixtures maintain their maximum development as 
glazes or slips in Group III when the ratio of CaO to ZnO is 
equal to or more than 1:1 and in Group IV when the 
ratio of CaO to ZnO is less than 1:1. 

Within any group of this study, addition of clay will 
shorten the heat range. 

In a study of similar glazes but containing 0.4 ZnO in 
all cases, and at least 0.05 equivalent clay, Purdy (Vol. 5, 
Trans. A. C. S.) found that the most fusible glazes were 
obtained with 0.3-0.4 equivalent of feldspar. These ex- 
periments show that this conclusion is true when the ratio 
o1 2710 to}CaQus between @: Tand 3°: 1. 


EFFECT OF CLAY. 


Fusibility.—Comparing the extremes of the series, it 
is noted that within any group, increase of clay decreases 
the fusibility of the mixtures. In Groups I and II we prob- 
ably started (according to Purdy’s curves, p. 158, Vol. V, 
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Trans. A. C. S.) with the most fusible mixtures and added 
clay to them, while in the other groups, we started with 
mixtures which already had been made less fusible by 
additions of clay, hence we should expect to have increased 
refractoriness. A decrease of clay in Group I from 0.3 
equivalent to 0.0 equivalent would no doubt have likewise 
decreased the fusibility of the glazes of this group. 

By interpolating for points of 0.5 equivalent Al,O, on 
Purdy’s curves, we find that with this Al,O, content there 
should be an increase in fusibility from Group I to Group 
IV and then a decrease to Group V. In Series C and D 
where we have somewhat the same RO combinations as 
used by Purdy, we find this same change in fusibility, the 
glazes of these series being at their best in Groups III and 
IV. In Series A, however, we find that with equal Al,O, 
content we apparently have increased fusibility with each 
increase of feldspar even from Group IV to Group V. 

Any additions of clay in Series C and D resulting in a 
content of Al,O, of more than 0.5 equivalent would decrease 
the fusibility of the glazes, and so far as can be judged 
from the tiles, the ratio of this decrease is equal in all 
groups. 

Calculating the probable equivalents of minerals 
which, from studies in geo-chemistry, we judge would be 
formed by fusion of the glazes in Series A, we have: 
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We will not attempt to draw conclusions from these data 
but offer them as suggestions for study. 


PORCELAIN GLAZES. 581 


Calculating the molecular ratios of K,O to Al,O, as 
was done by Purdy (p. 158, Vol. V, Trans. A. C. S.) we find 
the following: 
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From the curves by Purdy it is readily seen why, 
in Series C and D, each increase of clay above the mini- 
mum used in any one of the groups in this study should have 
increased the refractoriness of the glazes. In Members 1 
and 2 of Series C, Groups I and II, we no doubt have the 
most fusible mixtures that can be obtained with these 
RO’s. Seger (p. 236, Vol. I) found that with 0.25 K,O 
and with ratio of Al,O, to SiO, of about 1 : 6 (the same as 
ours) he obtained maximum fusibility with 0.5 equivalent 
Al,O, and found that either less or more Al,O, caused an 
increase in refractoriness. This mixture of Seger’s is about 
the same as our II, At. 

Heat Range.—Increase of clay with constant feldspar 
content decreases the heat range. If additions of clay in 
these glazes makes them less fusible, these additions must 
be making the mixture more and more removed from the 
eutectic mixture of the compounds involved, which, by 
theory, should decrease the heat range in which a good 
glossy condition free from overfiring would be maintained. 
A study of these highly viscous, and in many cases incom- 
plete, solutions checks the theory. 

Opacity. While increase in clay content in any one 
series increases opacity, we can not attribute this increase 
of opacity to the mere increase in clay, for on comparing 
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corresponding glazes in the several groups we have equi- 
opacity with the same Al,O, content whether that AI,O, 
be derived from feldspar or from clay. 

Crazing.— We have crazing only in Groups III, IV, 
and V, it being worse in.Group V. In amy /ceries.where 
crazing occurs, we find that it is decreased by increase of 
clay. 


EFFECT OF FELDSPAR. 


We have, in many particulars, already discussed the 
effect of feldspar variations, and it remains now to point 
out things that seem to be due more to feldspar than to 
any of the other constituents. 

Crazing.— We find that on both bodies, we have 
crazing only when the feldspar is present in comparatively 
large amounts, 7. ’ei.an Groups iL ANY i. 

That crazing should increase as the K,O is increased 
at the expense of CaO and ZnO is in keeping with Seger’s 
findings, and that crazing should decrease with increase 
of clay is in keeping with the general experience with all 
types of glazes. We question, however, the reasons usu- 
ally assigned for the effect which these changes in composi- 
tion have on crazing. In most cases many of the physical 
properties of the glazes which have to do with the control 
of crazing have been ignored. 

We note that in Groups IV and V, the glazes in Series 
A have so shrunk as to leave a bare border around the edges 
of the tile. That mixtures of feldspar and whiting should 
so shrink is at first thought surprising after learning that 
high feldspar and high whiting counteracts shrinkage in 
bodies (see Rieke, Nos. 37 and 38, Sprechsaal, 1906). In 
bodies, however, we do not approach the degree of fusion 
we have in glazes; hence, we can not argue the effect of 
mineral constituents on glazes from their effect on body 
composition. 

We know from our white ware body studies that the 
high feldspar mixtures increase in volume when vitrifying, 
and from the fact that these mixtures have shrunk to the 
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center of tile makes evident that they have enormous shrink- 
age when fusing down to glasses. Being very viscous, such 
strains as would be set up within different layers of the 
glaze by this reversal of change in volume during fusion 
could not be equalized by such annealing as is obtained 
with the rate at which kilns are usually cooled. Unless 
the coefficient of elasticity of the glaze is large enough to 
allow of these differential strains, the glaze must break the 
same as the Prince Rupert drops. Additions of clay and 
especially of ZnO increase the elasticity of the glaze; hence, 
according to our theory they ought and do decrease crazing 
(cccelotaley Vole “N11, iyans. A’ Cc.) S, and, Hovesdtat, 
Jena» Glass’’): ; 

That at cone 12 the glazes high in feldspar should show 
craze marks next to the body but not on the surface of the 
glaze is confirmation of our theory. In these cases, a cas- 
ual inspection would lead one to believe that the craze 
lines extended through all depths of the glaze, but closer 
inspection failed to disclose any break in their upper sur- 
faces. That increased heat treatment should correct 
crazing on the upper surfaces of the glaze, and not at the 
lower surface is no doubt due to their high viscosity which 
materially decreases the rate at which reactions within the 
fusing glaze can take place. From these cases it would 
seem that these glazes containing 0.5 equivalent of feldspar 
would have, if completely fused, sufficient elasticity to with- 
stand these strains. 

Gloss.—The high surface tension of these highly vis- 
cous glazes results, no doubt, in a higher gloss than would 
otherwise be obtained. With less viscous glazes, much 
more complete fusion would be required to obtain a gloss 
equal to that shown by many of the glazes in these experi- 
ments. ‘The high gloss on all members of Series E, Group 
III at cone 7, for instance, is no doubt due to this high 
surface tension, which results from ultra-viscosity. This 
may explain why the influence of clay decreasing gloss did 
not show in the high zinc glazes as much as it did in the high 
lime glazes. The effect of additions of clay on gloss is not 
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so pronounced in the case of the high feldspar glazes as in 
those with lower feldspar. Whether this difference in 
gloss noted in Group V and in Group I bears any relation to 
differences in surface tension or of the viscosity is not 
plain from the data at hand. 

In conclusion, we give as the best glazes for each body, 
the following: in these conclusions, we have considered 
all factors, such as gloss, crazing, color, cost, heat range, 
etc: 


Stoneware: 


Ti Co Cr, 2h ay oncone 710 
DE 3D Cites ee CONE. 710 
LV DG) cone 7-10 
Porcelain: | 


Ti lsh se Ger serge) ecotiey ean 

INV’ Distt e2,.3)0) Come: jaa 

Nites t U2 en) cone 7-12 
None of the porcelain glazes are up to the best that 
could be secured with higher SiO, content. It is factory 
experience, however, that to secure the best and brightest 
glazes even with the higher contents of SiO, a portion of the 
CaO of Seger’s cone mixtures must be replaced by some 
other RO, and of these, ZnO (with K,O and CaO) has given 
the best results. To obtain good porcelain glazes, there- 
fore, the SiO, content of the above must be raised until 
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CHEMICAL PORCELAIN.’ 
By GERARD A. MuRRAY. 


DEFINITION. 


The expression ‘‘Chemical Porcelain’’ is intended to 
include all porcelain wares, such as the dishes, etc., used 
in the chemical laboratory, which are apt to be subjected 
to sudden and relatively great temperature changes. 


INTRODUCTION. 


Object.—The object of this investigation was to deter- 
mine, if possible, some existing relation between the com- 
position of porcelains and their ability to undergo sudden 
temperature changes without rupture. 

References.—The only paper in ceramic literature, 
bearing on this subject, is one entitled ‘‘Fire-proof Porce- 
lain” by Llewellyn Bell in Volume IX of the Tyransac- 
tions of the American Ceramic Society. Bell’s object was 
to find a body which could be heated to redness and 
then plunged into cold water without injury. He made up 
and tested in this manner several series of bodies, and 
finally found that the following were able to undergo the 
TesU: 


2OMIS 19.55 





Georgia china clay........... | 22 -O2 

Tennessee ball clay........... | 20.33 18.60 18.04 
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Trials were made up as before (small crucibles by 
casting), biscuited at cone 2, and glazed (glaze used was 
cone 4 formula) at cone 12. The pieces were very white, 
fairly translucent, approaching in looks more nearly a 
true porcelain body. 

Bell drew the following conclusions: ‘‘These experi- 
ments seem to show conclusively that alumina may be 





1 Phesis at the Ohio State University under the direction of Ross. C. Purdy. 
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introduced directly into a pottery body with good results 
for certain classes of ware. The lime content should be low, 
not exceeding 3 per cent., and there should be asmall pro- 
portion of free silica. A greater content of alumina than 
can be introduced from clay alone seems necessary.”’ 

In the following investigation, it was decided to attack 
this porcelain in a very different manner from that used by 
Bell, and the first question to be solved was the selection 
of the field to be covered. 


PRESENT INVESTIGATION. 


The Bodies Used.—The bodies used in this investiga- 

tion were the same as described by Lester Ogden in his 
research on the effect of composition on the strength of 
porcelain. 
3 Preparation of Slip.—At the time of making up the 
bodies, it was the intention of the writer to make up the 
pieces by some method other than casting, and for this 
reason the bodies were made up plastic. It now became 
necessary to mix these plastic bodies up to the consistency 
necessary for casting. A small part of each batch was, 
therefore, ground with water in a gallon ball mill until 
it went well into suspension, and was then diluted until 
it had a specific gravity of 1.6, as indicated by a hydrom- 
eter, 

Control of Thickness of Test Piece.—Two or three pre- 
liminary pieces of each body were first cast, and the length 
of time determined to get about 1/16 inch thickness. 
Ten perfect pieces of each body were then made. 

7 It was found that the higher the clay content of the 
body (the specific gravities of the slips being the same) the 
longer time was necessary to get the same thickness; for 
example, the time that the slip was allowed to remain in 
the dry mould was increased from one minute to about 
two minutes, with increase of clay from 25 per cent. to 
60 per cent. The bodies high in clay were by far the easi- 
est to make perfect pieces from, but practically no trouble 
was met with as long as the clay was at least 30 per cent. 
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However, the body containing only 25 per cent. clay was 
so weak and had such small shrinkage that it was very 
difficult to remove the pieces from the mould without 
breaking them. It was found that dusting flint into the 
mould through a fine cloth before casting reduced this 
trouble by reducing the sticking. The body containing 
20 per cent. clay had to be abandoned, as the pieces could 
not be removed from the mould even after flinting them. 

Marking, etc.—The casting was done each time into 
dry moulds. The body number was stamped on the inside, 
and near the top of each crucible. The test pieces were 
allowed to remain in the mould from two to three hours, 
until they had shrunk away from the sides sufficiently to 
be easily removed, and were then dried in the open. 

Burning.—The ware was set with the large open end 
resting on grog, in carefully wadded saggars, and 
burned with coke in kiln No. 1 of the Department of Ce- 
ramics. This kiln has two fire boxes, and the draft system 
is a modification of the down-draft type. Forty hours of 
steady firing were required to reach cone ro in all parts of 
the kiln. The heat distribution was very good; cones were 
set in the eight corners; cone 11 was reached in the hottest 
and cone io in the coolest part of the kiln. The kiln was 
allowed to cool slowly. 

There was practically no loss in the burning, though 
all the crucibles were somewhat deformed at the open 
end as the grog did not allow this end to shrink uniformly 
with the rest of the piece. 

Testing.—A tray to hold forty pieces was made for 
testing the ware. The bottom of the tray consisted of 
copper screen cloth, supported by heavier iron wire. Heavy 
wires were also so arranged as to make it possible to handle 
the tray with an iron rod. 

The tray, filled with test pieces, one of each composi- 
tion, was placed in a gas muffle kiln just above a thermo- 
couple in connection with a Frink pyrometer outside. 

The torty trial pieces were heated up to 250° C. and 
then the tray was quickly taken out and set in water at 
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21° C.; only the lower 3/4 inch of the outside of the crucibles 
came in contact with the water. The pieces were then 
examined carefully all over for cracks, and held up to an 
electric light, which showed up incipient cracks otherwise 
invisible. The same trial pieces were again heated up to 
300° C., plunged into water and re-examined; then to 
aso° Cxrthenstoeqoos Cuhthenstowy 564 aCe ane madly te 
FOGw tee 

In order to get average results, five whole sets of trial 
pieces, one of each body, were tested in the above manner. 

As the above treatment broke practically all of the 
test pieces, it was decided to heat a fresh batch of the 
ware direct to 500° C. and cool suddenly with the expecta- 
tion that practically all pieces would be broken. It was 
found, however, necessary to repeat this treatment four 
times before all pieces showed open cracks. 


RESULTS. 


Character of Cracks.—The character of the cracks 
developed by these two tests was quite different. In the 
first case, when the temperature was gradually increased, 
the cracks appeared almost entirely in the bottom or near 
the bottom of the crucible, whereas the heating and cooling 
direct from 500° C. caused cracks near the water line and 
usually parallel to it. It also seemed necessary to draw 
a distinction between incipient cracks and open cracks. 

Incipient Cracks.—By incipient cracks are meant cer- 
tain lines in the body which show up bright when held 
between the eye and a good light. These lines only show 
up this way when the surface of the crucible is wet. When 
the crucible is dry, they are not visible, either on the sur- 
face or when held up to a bright light. 

These lines usually run radially across the bottom of 
the crucible and vertically up the sides. When first ob- 
served, they are rather broad and not well defined, but 
with repeated tests they narrow down, become sharply 
defined, and finally develop into open cracks. 
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Diagram Showing 
AVERAGE 
TEMPERATURE 
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Open Cracks.—By open cracks are meant cracks which 
can be traced on the surface of the ware, and allow water 
to pass through them. 


Data.— While the average figures, given in the fol- 
lowing table, have no absolute meaning, it seems quite 
possible that they should be sufficiently correct to serve 
as a medium of comparison. 
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Temperature Changes Causing Incipient Cracks. 
Series No. Ist test | 2nd test | 3rd test | 4th test | sth test | Average 
i Caray ae I | 400 250 300 | 250 | 300 | 300 
2 400 250 | 350 250 | 350 | 320 
3 350 250 | 500 | 300 | 400 | 360 
4 B50) 350.4. 500 | 450 | 350 | 400 
5 ale, 300 900 450 450 410 
6 | 400 | 300 300 | 550 350 | 380 
i | 500 | 300 300 400 300 | 360 
8 | 300 | 250 300 | 400 | 400 | 330 
WA Cod steer | I | 300 | 300 300 | 250 300 | 290 
| 2 300 | 300 | 300 | 250 300 290 
| 3 300 | 300 | 300 | 250 | 300 290 
4 300 | 300 | 300 | 250 | 300 | 290 
5 | 300 300 | 300 | 250 | 300 | 290 
6 250 250 | 300 | 250 | 250 | 260 
7 | 350 | 250 | 250 | 250 300 280 
8 300 | 250 | 300 | 250 300 280 
3 ee PARE ANCL a I 300 | 250 | 300 250 300 | 280 
2 | 300 | 300 | 300 250 | 300 290 
3 300 300 | 300 250 300 290 
4 300 | 300 | 300 250 300 | 290 
5 300 250 | 300 | 250 | 300 280 
6 300 300 | 300 250 300 290 
7 300 300 | 300 | 250 300 | 290 
8 350 | 300 | 300 | 300 300 | 310 
Sea? Lie I 300 250 | 300 | 250 | 300 | 280 
2 300 | 250 300 | 250 | 300 | 280 
3 300 | 250 300 | 250 | 300 | 280 
4 300 | 250 300 250 | 300 | 280 
5 300 | 250 300 250 250 270 
6 300 ‘| 300 300 250 | 300 | 290 
Fi 300 300 300 | 250 | 300 | 280 
8 | 300 | 250 | 300 250 | 300 | 280 
see Date kent Tea eeeg Orit 250 250 260 ariogg00) 415280 
| 2 | 300 250 300 | 250 | 300 280 
z | 300 250 | 300 | 250 | 300 280 
4 | 300 250 | 300 | 250 | 300 280 
| 5 | 300 | 250 300 | 250 | 300 280 
6 | 300 250 300 | 250 | 300 280 
5 | 250 250 300 | 250 | 300 270 
8 | 250 250 | 300 250 | 300 270 
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Temperature Changes Producing Open Cracks. | 








































































































Series No. ist test | 2nd test | 3rd test | 4th test | sthitest Average 
+ 
Wise eae I 450 300 500 | 400 450 | 420 
2 500 450 550 500 500 | 470 
S 350 450 500 450 450 440 
4 | 500 500 550 450 | 400 480 
5 400 400 500 500 | 450 450 
6 | 500 500 400 550 / 350 460 
if 59° 450 300 450 || 350 420 
8 500 250 400 400 |/ 400 390 
A Gea eet ioe: I 550 550 500° 400 450 490 
2 oe 450 590 450 | 500 490 
3 500 550 550 350 450 480 
4 500 550 500 500 500 510 
5 450 500 300 500 500 450 
6 250 400 450 450 400 390 
7 500 500 450 559 450 490 
8 400 400 500 400 400 420 
ire nage Mates | I 500 450 450 450 | 450 460 
2 500% <| S00 yl 5 S00 Ours Osun ea SO mney toe 
3 400 450 500 400 450 440 
4 400 400 450 400 55° 440 
5 400 350 400 300 350 360 
6 590 450 450 350 559 440 
7. 3509 450 450 300 30 32° 
8 Bo D° 500 500 350 450 470 
ee eee: I | 550 350 450 450 450 450 
2 500 350 450 450 450 440 
eC 350 300 500 400 450 400 
4 450 450 Oe 35° |. 45° 410 
5 300 350 350 250 300 310 
6 350 400 400 450 450 410 
i 300 Boe 400 350 450 owe! 
Bf} < GOO. sf BOOS a sOol Some Sie s@ hele 
NEA ook: BM I | 350 | 450 300 450 | 500 | 410 
21400 1 4S0.cr0 480 200k sO Ml ees Oona meaie 
3 400 | 450 | 450 | 450 | 450 | 440 
4 400 | 250 400 250 300 320 
5 300m) 250.0 iY AS0 gel 250 sl aa Some eed 
6 350 300 400 250 350 320 
7 250 300 350 250 350 300 
8 300 | 450 400 400 500 410 
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Results Obtained by Repeated Heating to 500° C. Followed by Sudden Cooling. 



























































checked 





Series No. 1st test 2nd test 3rd test 4th test 
AYES, «ALO 5 a Com ee I checked cracked 
2 good - 
3 ‘c és 
4 - good checked cracked 
5 ss cracked 
6 4s checked cracked 
7 cracked 
8 , 
Vite rack ark, ees I checked cracked 
2 ee checked cracked 
4 2 Be checked cracked 
4 ie “ “ ie 
5 cracked 
6 checked checked checked cracked 
a ri cracked 
8 ry, ti 
2 ae en nea oy ede I < % 
2 x checked cracked 
3 3 * checked checked 
4 ey cracked 
5 cracked 
6 checked cracked 
7 “ ie 
8 ‘a “ 
AOS Soe Saas heey Were I a ss 
3 “ “a 
3 a i 
4 ss checked checked cracked 
5 cracked 
6 checked cracked 
7 cracked 
8 checked bY 
LA ean ee eee I Ke checked checked cracked 
2 Ks BY cracked 
3 + cracked 
4 | cracked 
5 checked + 
6 « PP 
7 | cracked 
8 | checked checked 


cracked 





checked 


incipient cracks 
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Incidental Data. 








xX 100 
saturated wt, 


dry wt. 


Series No. 
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Per cent. absorption 
Per cent. drying shrk. 
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xX 100 
x 100 


Le 

1, = plastic length 
Le 

L3 = burned length 


Lo = dry length 
Loe 
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Incidental Data (Continued). 
| 
l ad 
- oO 
me bh age g 
RLM Keo cee as 5 
ip eas wa, aid as 2 g 
Series No. og J [El ahbe! Bylo 3G 
Blade Pligos| § liao 5 
el/AEel|oy BA ae ¢ 5 
ieBl Sale spl ¢ = v 
6 Go| o Gro aol) 2 
Spm blhin ii soee Ay lies =845 0% e 
Ree CN bat ae ede ten, 04 
Pe eae ee eae tet I 1.64 3.03 10.36 4-4 
2 0.53 3.09 10.31 Zs 
3 0.05 OG? 10.54 4.6 
4 0.05 252 10.54 5-5 
5 0.09 2.56 0.21 523 
6 0.05 2.56 S72 5.9 
i 0.09 2.56 Sy ek 5.8 
8 0.18 2.30 8.44 6.5 
SUMMARY. 


Effect of Composition.—The results as to open cracks 
are rather erratic, but serve in some instances to strengthen 
the conclusions drawn from the other results. 

A comparison of the averages of the results obtained 
shows that the V series, the lowest in feldspar, withstood 
the treatment best. This is more evident in case of the 
incipient cracking. Moreover, the test of repeated heat- 
ing and cooling at 500° C. verifies this conclusion. 

It is also evident that in both the V and W series 
(containing 10 and 15 per cent. feldspar, respectively) 
the bodies containing 40 per cent. and 45 per cent. clay 
show best resistance to cracking. In the X, Y and Z se- 
ries (containing 20, 25 and 30 per cent. feldspar, respectively) 
better resistance to cracking is shown by the extreme 
numbers (both those high in clay and in flint) than by 
the intermediate numbers of the series. 

Effect of Porosity.x—A comparison of the above results 
with the absorption of the bodies shows that the bodies 
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having the highest absorption (the V series) withstood the 
sudden cooling treatment best. It is also quite noticeable 
that the extreme numbers of the X,.Y.and Z series, which 
have higher absorption than the intermediate members, 
showed better resistance to cracking than did the inter- 
mediate members. 


CONCLUSIONS. 


1. Unglazed porcelain bodies, low in feldspar, undergo 
the test of sudden temperature changes without injury 
better than do the bodies high in feldspar, when burned at 
the same heat treatment. 

2. Among the bodies low in feldspar, containing 15 
per cent. or less, about 40 per cent. clay seems to give the 
best results. 

Among the bodies higher in feldspar, above 15 per cent. 
high clay or high flint seem to give better results than bod- 
ies containing more nearly equal proportions of clay and 
flint. 

3. These results may, however, be due to a difference 
in degree of vitrification, rather than a difference in com- 
position, since it is very evident that, among the bodies 
tested, the areas of relatively high absorption withstand 
the test better than do the areas of low absorption. 

4. An the bodies ‘containing: more than (isepenucent. 
feldspar, those highest in flint stood the test better than 
those high in clay, notwithstanding the fact that they were 
apparently more vitrified as shown by the absorption data. 
This does not seem to hold in the case of the open crack- 
ing when the feldspar is 15 per cent. or less, but apparently 
does hold in the case of incipient cracking. This does not 
agree with a” statement aade by Burt pio Vol meur 
ET CLL eo es | 

5. Fom the data at hand, the writer feels unwilling 
to indicate any definite range of composition in these tri- 
nary mixtures best suited for the manufacture of chem- 
ical porcelain, 


STEEL DIES AS APPLIED TO THE MANUFACTURE OF 
DUST-PRESSED WARES. 


By NUBERT E, oMirn,, trenton, Non. 


Classification.— Dies may be divided into four classes, 
viz., small plain, such as are used for small floor tile, door 
knobs and cleats; large plain, such as are used for wall 
tile, bricks, etc.; small complicated, such as are used for 
sockets, buttons, and switch boxes; large complicated, such 
as are used for entrance switches, panelettes, etc. 


Materials.— The material used in the construction of a 
die depends largely on the’ design. and the quantity of 
ware to be made. For small pieces that do not require 
sharp edges, cast iron would give fair satisfaction, but the 
use of cast iron dies for large wares is discouraged because 
of the danger of the die cracking under the pressure required 
to make the ware solid. 


White brass and type metal are the materials used for 
making design or relief tile dies; steel for plain tile dies; 
iron with steel faces for brick; cast iron, cold rolled steel, 
tool steel, and cast steel for electrical porcelain and door 
knobs. 


Hardening.—No matter of what material a die is made, 
unless it is hardened, it will show the wear and tear rapidly. 
There are several ways of hardening a die, among them 
being the following: (1) heating the die to a cherry-red 
and dipping in water; (2) heating toa cherry-red, sprinkling 
with cyanide of potash while in the fire, then dipping in 
water; (3) heating to a cherry-red and dipping in fish oil. 

Every diemaker will tell you that his method of hard- 
ening is the best, but whatever means you employ to harden 
the die, there is always the risk of warping or cracking 
if) ii ewartped,..a, tedious. erinding “process, 1s necessary 
tomoet: the lie true, .tincracked <Slightly,. 1t aight stil 
give satisfactory results. 

The hardening of a die increases its initial cost about 


TE ii 
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Tricks of the Diemakers.—The old saying, ‘“‘There are 
tricks in all trades’’ holds good with regard to diemaking. 
It is very easy for the diemaker to deceive you. For in- 
stance, if you specify that only the best grade of steel shall 
be used in the making of a die, the diemaker could use, 
without much risk of detection, a cheaper grade, such as 
cold-rolled steel, which is much easier to work. The die- 
maker could use solder to fill bad fits and corners, and cover 
up file and tool marks with solder, or frost polishing with 
fine emery to conceal inferior work. 

One Vital Point in the Construction of a Die.—It 
should always be borne in mind in the construction of a 
die that the dust will flow downward. In view of this 
fact, all cups and weak places should be made in the bottom 
die, and, as far as possible, side holes eliminated. 

Comparison of Cost between Soft and Hardened Dies of 
the Same Design.—In order to get a comparison of cost 
between soft and hardened dies, we took three dies of the 
same design, but of different quality. The first was made 
of good steel, but not hardened. The second was also of 
good steel, but hardened about as hard as possible without 
taking chances of its warping or cracking. The third was 
hardened in every part. 

The first cost of the unhardened die was $22.50, and 
after making 54,000 pieces it was not fit to be repaired, 
making a die cost of 41.7 cents per thousand pieces. The 
first cost of the die of average hardness was $31.00 After 
making 58,500 pieces it was reparied at a cost of $11.00. 
After making 43,000 pieces, it was again repaired at a cost 
of $11.00. After making 91,000 pieces it was considered 
worn out. The total cost of this die was $53.00 and it 
produced 192,500 pieces, making an average cost of 27.5 
cents per thousand. 

The initial cost of the die which was hardened in every 
part was $35.00 and it has made to date 119,000 pieces, 
with a repair expense of only $2.50. The die will make about 
25,000 pieces more before it needs a general repairing, 
making a cost of 26 cents per thousand pieces to date. 
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The general repairs will cost about $15.00 and the die will 
then be good for the same quantity as before, making a 
total of 288,000 pieces at a total die cost of $52.50 or 18.2 
cents per thousand pieces. 

Value of Having Your Own Repair Shop.—The value of 
having a repair shop, the equipment of. which need only 
consist of a small lathe, drill press, shaper, brazier, bench 
and tools, is in the saving of time on small repair jobs, 
which, in the majority of cases, could be made in the time 
consumed in sending the die to the outside repair shop. 
In this way, part of the delay in filling orders could be 
eliminated, besides saving a little in cost of repairs. 

Should Each Factory.Make Its Own Dies? Some of 
the pointsin favor of making your owndies are: (1) that you 
can give preference to those you need in a hurry; (2) you 
know what material is being used in their construction, 
whereas, if outside diemakers build the dies you would 
probably have to wait your turn and then trust to the 
honesty of the diemaker as to the quality of the material 
used. 

The Care of Dies.—To get the full life of a die, it should 
be thoroughly cleaned after use, taking care to remove 
all foreign matter not only from the sides a case; but 
also from the pin holes. 

Use of Carborundum for Dies.— We have been informed 
that carborundum dies are giving satisfaction in wire-draw- 
ing. I would like to ask if it is possible to get carborundum 
fine enough so that it could be formed and polished, thus 
making a possible substitute for steel in dies. If not, the 
hardened steel die seems to be the cheapest. and most satis- 
factory for the making of dust-pressed wares. 


DISCUSSION. 
| Mr. Simcoe: I would like to ask Mr. Smith what 
kind ot. steel hep usces lsita very expensive: . Is it ordi- 
nary or tool steel? 
Mr. Smith: Tool steel; the outside of the cast is 
cast iron. 


6001 STEEL DIES AS APPLIED TO DUST-PRESSED WARES. 


Mr. Simcoe: Where do you find the most wear in 
the first-class steel? 

Mr. Smith: At the pin. 

Mr. Simcoe: How do you harden? 

Mr. Smith: Heat up in fish oil. 

Mr. Lovejoy: I think the last word of the present 
time in dry-pressed brick manufacture is the use of a cast 
iron mould with a cast iron die plate, but lining the mould 
with tempered steel saw plate. The cost of the mould — 
complete is comparatively low and after the steel lining 
is worn we throw it away., The cost of regrinding plus 
depreciation of a solid steel mould is more than the cost 
of steel plate lining. 

Mr. Coulter: I am not familiar with the process of 
drawing wire through carborundum dies. I believe that 
it would be a difficult proposition to make a die of intri- 
cate shape, using carborundum. The difficulty would be 
to get the die so smooth that the pressed clay would come 
free from it readily. The simple forms would have to com- 
pete with steel and would hardly be economical. 

Mr. Wilder: There are a lot of steels on the market 
now that are being used in other lines, much harder and 
last longer than tool steel. It is almost entirely discarded, 
for instance, in those high-speed cutters and grinders used 
in milling iron and steel. Tool steel will cut week in and 
week out without losing an edge, and I would suggest that 
possibly some of these steels would be suitable for dies. 
They are probably as easily worked as tool steel, providing 
a man knows how to use them. 

Mr. Orton: While I approve of Mr. Wilder’s sugges- 
tion, I doubt whether it would work out. The value of 
vanadium, nickel, chrome or any other special high-speed 
steel is in the fact that they will retain their cutting edge 
while running at a very high temperature. I do not be- 
lieve these special steels will keep their edge on resistance 
any better than good common carbon tool steel at the 
temperatures of our clay dies, and they introduce a factor 
in handling that the common steels do not. You have to 
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know more about their heat treatment in order to forge 
them, and the ordinary mechanic cannot be trusted to 
repair and dress them as he can a carbon steel tool, no 
matter how hard it is. 

Mr. Malm: Do you form the die before you temper 
it? 

Vp ee Santino YS: 

Mr. Malm: If so, after tempering do they warp? 

Mr. Smith: Sometimes. It all depends on the me- 
chanic. That is one reason why you cannot get satis- 
factory results outside of die works. If you had your 
own die shop you could get it done satisfactorily. 


CAUSE OF PERMANENT EXPANSION IN FIREBRICK.' 
By JOHN MILES OGAN. 


Firebrick made of certain clays expand permanently 
after they have been placed in a wall and subjected to 
intense heat treatment. The clays studied in this 
investigation are known .in the laboratory as No. 
102° and: No: -103... Clay;2 No... 3102).1S 4a wcemictiimieeiay, 
which 1s slightly plastic, and clay No. 103 is a flint clay. 
These clays were studied singly, and also in mixed pro- 
portions of 75 per cent... 50 “per cent) and 25. percent. OL 
each clay «with the voter: 

Making the Trial Pieces.—The clays were pulverized 
until they passed through a 16-mesh sieve. This was ac- 
complished by crushing in a small jaw crusher and pulver- 
izing in a ball-mill. The ball-mill was opened and the 
contents screened at intervals to prevent much of the clay 
being made finer than 16-mesh. 

The percentage composition of the bodies is shown 
by the following table: 























Body No. A B C EG, E 
ClayeNouro2: wu 100% 75% | 50% ORG | 0% 
Clay Novos... o% 25/6 | 50% ae | 100% 





The bodies were made up dry by weight and well 
mixed with a spatula while dry. Water was added until 
thoroughly wet, and each body was worked by hand on a 
plaster block until the mass was homogeneous. 

Burning.—The brickettes were set on edge about 
1/4 inch apart and in groups of fifteen, consisting of three 
of each body. The groups were drawn from the kiln at 
different heat treatments, draws being made at the fol- 
lowing cones: oT0, 05,..3,-70and. 13. Hach eroupewas:so 
placed that it could be easily drawn. The cones were placed 
singly. The cone to which each group of brickettes was 
to burn was placed beside that group in a manner that 





l Thesis at the Ohio State University under direction of Ross C. Purdy. 
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it could be easily seen at all times. The burning was done 
in a down-draft kiln fired with coke. 

Volume Determination.—The volume of each brickette 
was determined by Seger’s volumeter before and after burn- 
ing. Each brickette was weighed dry, weighed after com- 
plete saturation under a pump exhaust, and weighed while 
suspended in water. 

True Specific Gravity Determination.—The true specific 
gravity of the raw clays and of the burned brickettes was 
determined by the pycnometer method. The material 
was pulverized to 100-mesh and dried in an oven at 105° 
C. for an hour. About three grams of the dry powder 
were weighed and transferred to a specific gravity bottle 
of known volume, boiled thirty minutes and allowed to cool 
to room temperature before weighing. After cooling, 
the bottle was filled to graduated mark and weighed. 

Refractory Test.—Each of the clays deform at cone 
pede the: Deville. furnace. 


Formlae Used. 
D = Dry weight of brickettes in grams. 





W = Weight in grams after complete saturation. 
Vey Oliite (oli brickettes, in ec, determined: »by 
volumeter. 
Ve av olumesot, thetclay “particles.in. brickette:or of 
skeleton in the burned brickette. 
V, = Volume of pore space int birtekette. 
Sp. gr. = Specific gravity determined by the pycnometer. 
D cl 
‘opus = \ , true voliime of clay particles. 
V,—V, = V,, volume of pore space in brickette. 
a X. TIOOs —— Percentage pore. Space. 
b 
WwW Ds 
i DOOR Percentage. open pores. 
b 
cs 100) Vir (— x 100) — Percentage 


pores. 
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Sp. gr. = Wt. of solid powder + (Wt. of water to fill 
empty bottle — Wt. of water to fill bottle containing solid). 

Curves.—The following curves show graphically the 
results obtained. The shrinkage curves are drawn from 
the average obtained for each heat treatment by taking 
the average of the percentage shrinkage of three brickettes 
given the same heat treatment. | 
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SUMMARY. 


Volume Shrinkage.—The volume shrinkage curve of 
the two clays and of their mixtures all have the same general 
direction. The data and curves show that the exterior 
volume of the brickettes decreases progressively with in- 
creasing intensity of heat treatment, reaching a minimum 
at-cotic. 3,,and then inereases) irom .cone.;3..to cones13.;, At 
cone 13 the size of the brickette is approximately the same 
Asa .CONE? O10- 

The range of the volume shrinkage is at cone o10 
iromey.96 per Cent. tO.t0.9. pen cent, at cone 3 ftom 17.2 
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per cent, to 10.0 per cent., and at cone 13\from 9.2 percent. 
to 14.1 per cent. The volume shrinkage of the clay badies 
varies only 0.8 per cent. at cone 3, and probably the varia- 
tion is less a little earlier than cone 3. 


Clay No. 102 has a greater shrinkage at cone o1o than 
clay No. 103, while’ atcone 3;.clay No.ao3, the teverse of 
this is true and continues so until the maximum intensity 
of heat treatment of cone 13 is attained. 


The shrinkage of the mixture of the two clays at once 
o1o and at cone 3 is a fair average of the shrinkage of the 
two clays, but at cone 13 they are all higher than the 
pure clays with the shrinkage greatest in the mixture 
high in» clay No. 103. ; 

Clay No. 103 shrinks more rapidly than clay No. 102 
up to cone 3, then the rate of volume increase is about the 
same in each up to cone 13. 
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Porosity.—The porosity data and curves show that 
the total pore volume decreases from cone o10 to cone 3, 
but inereases irom cone. 3/to cone 13. 

The volume of the open pores also decreases from cone 
o1o to cone 3 while the clay is shrinking, but remains 
fairly constant: from cone23 to.cone.13. 

Lhe “sealed pore volume: (the difference. between the 
total pore volume and the open pore volume) remains 
fairly constant up to cone 3, where the sealed pore volume 
begins to increase simultaneously with the exterior vol- 
ume increase. From cone 7 to cone 13 the volume of the 
brickettes increases rapidly as does also the volume of the 
sealed pores, both at about the same rate. 


True Specific Gravity.—The true specific gravity of 
the solid material in the clay bodies remains fairly con- 
stant. irom cone;a1o to cone. 3:* From cone 3 to cone 13 
it shows a slight increase. Clay No. 102 shows a slight 
decrease in the true specific gravity at cone oro and cone 
05, but has increased at cone 3. 


Volume Changes.—The brickettes increase in volume 
from cone 3 to cone 13 and at the same time increase in 
porosity and; to some extent, in true specific gravity. . In 
other words, the volume of the clay particles decreases 
while the volume of the brickette increases. The sealed 
pore volunmie increases; rapidly from cone 7, to cone 13, 
while the volume of the brickette increases and the open 
pore volume remains fairly constant. 


Soluble Salts.— When seeking a possible cause for this 
inflation of the brick mass, it was conjectured that some 
constituent of one or both-of the clays was dissociated 
or at least volatilized, and being contained in the glassy 
matrix, the gas or vapor expanded with increase in tem- 
perature, forming pockets or blebs. It was readily as- 
sumed that the most easily volatilized constituents were 
the alkalies and that of these, those combined with the 
more unstable compounds (the soluble salts) would be the 
more readily vaporized. The data shows that only 38.0 
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per cent. of the total soluble salts contained by the un- 
burned clays are ‘‘fixed’’ by the fusion. In fact, there is 
no appreciable decrease in soluble salts with increase in 
heat treatment, even at cone 13. While the data does 
not warrant positive assertion that the development of 
bleb structure is due to volatilization of the soluble salts, 
still they do not weaken the hypothesis. It is certain 
that the vapor pressure of some constituent of the clay 
is so law as to permit of its volatilization at temperatures 
attained in these tests and in the stoves and furnaces, 
causing a bloating of the fused magma and consequent 
swelling of the bricks. 


CONCLUSION. 


Since the volume of the brickettes increases at the 
same time and at about the same rate as the sealed pore 
volume increases, we may say that the sealed pores and 
the volume increase are closely related. Therefore, in 
conclusion, the permanent increase in the volume of the 
brickettes made of the fireclays is due to the formation 
of impervious bleb structure by volatilizing gases in the 
glassy matrix formed by fusion. 


~~ 


THE OXYGEN RATIO. 
By H. H. STEPHENSON. 


' For all practical purposes, a glaze can be explained 
by 6 characteristics: 3 major and 3 minor. The major 
characteristics are fusibility, coefficient of expansion, 
crystallization;. the, muinor,,elasticity, \relmactive index, 
durability (resistance to acids and atmosphere). Craz- 
ing or peeling depends chiefly on coefficient of expansion, 
but partly also on elasticity. A matt texture depends on the 
extent of crystallization, though the refractive index 
may conduce to a pleasant appearance. 

The effort of the ceramist is, or should be, to correlate 
these characteristics with each other and with the chem- 
ical composition. This can be done only by eliminating 
all varying conditions between different workers, the most 
important of these being the body on which the trials are 
being fired. Experiments on crazing and peeling, for 
example, are quite useless when done on a body which 
may not have its like anywhere else. . It is obvious, then, 
that scientific standards of measurement must be intro- 
duced for each characteristic of a glaze, and that the glaze 
must be studied apart from any body. Probably the best 
way to do this is to fire it in cylinders of metal, refractory 
glass of fused. silica, and, if possible, to’ study only the 
inner core of the glaze which has not been in contact with 
the containing vessel. Given equal temperatures and 
duration of “hiring, thevresults svillethens.ve legitimately 
comparable. 

The next step is to remove all pre-conceptions from 
our minds. Of these, the most common and the most 
pernicious is the oxygen ratio, an entirely arbitrary figure 
which assumes that alumina functions as a base and has 
three times the value of the bases, which in turn have only 
half the influence of the silica, and apparently may be 
interchanged among themselves to any extent without 
altering the properties of the glaze. Excluding back- 
numbers, I propose to take the most recent volumes of 
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your Transactions (Vol. XII) and to show by quotation 
the inconsistencies to which one is exposed by using this 
ratio. Taking the subject of mattness, we have these 
enlightening remarks: 


Author Page Quotation 





Stull and Radcliffe 134 | The true dividing line between clear and 
opalescent glazes lies on or very near to 
thettotal’OW Rhine of wise, 

Claflin 536 Bryan’s* matt maturing at cones 02 to 2 
has, O2 Ry of a1 tos, L_obtained .good 
matts as low as I: 1.13. 








Claflin 536 
537 Prof. Orton’s curve shows that a ratio of 
2.3 is necessary to obtain a matt at 
cone 1....All matt glazes published by 
Binns and designed to mature at cone I 
had O. R. lower than that specified by 
Orton. 
Binns 543 An LOW Rw ol22)'2, 1s) in’ ny ex perience, in- 
variable. 
Singer 681 I started with a proved matt glaze of O. R. 
| epee 
Stull 707 Dr. Singer started with a glaze of O. R. 


1: 2. Is not this the best ratio for fust- 
ble glazes? 

Stull and Radcliffe 134 Lines of equal O. R. in which B,O, is cal- 
culated either as an acid or as a base 
do not bear any definite relation to the 
| dividing line between clear and opalescent 
| glazes. 











The only conclusion one can draw is that oxygen 
ratio has nothing to do with mattness. It would be curious 
if it had. Next comes coefficient of expansion, and as they 
have not been contradicted, we may take Stull and Rad- 
cliffe’s dictum (XII, 134) on it: 

“The line between crazing and non-crazing glazes 
does not conform to any O. R. lines whether B,O, be ex- 
cluded or included either as acid or base.”’ 
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Lastly, comes fusibility, and I am not aware that 
any one has even claimed it to be connected with the oxy- 
gen ratio. 

This ratio, then, does not govern crystalline behavior, 
it does not govern coefficient of expansion, it does not 
govern fusibility. What on earth does it govern? Only, 
so far as I can see, the minds of ceramists. Perhaps some 
of these gentlemen may think it worth while to give 
reason for the faith that is in them. 

Once prejudice is swept away, the ena is in sight 
with regard to glazes. A matured glaze differs from a 
body in that the chemical reactions have proceeded to a 
finish; the form in which the raw materials were intro- 
duced is therefore of no consequence. This is the difference 
between glaze and body and it is of enormous advantage 
to us in studying glazes. The number of experiments 
necessary to obtain complete knowledge of glazes, though 
doubtless very large, is finite. With scientific combina- 
tion we are assured of victory. 

Let us for a moment endeavor to get some idea of the 
work to be done. A glaze may consist of some 10 con- 
stituents, each of which may be varied, for all practical 
purposes, by twentieths of its own amount. The num- 
ber of combinations is therefore 7°C,,, which gives 184,756 
glazes to experiment on. These are to be tested for 6 
characteristics, cone by cone, through a range of 30 cones. 
The total of experiments is therefore 33,256,080, which, 
with reasonable collaboration and the million dollars in- 
vested in ceramic training in the States, could be accom- 
plished in 20 years. The fusibility tests at different cones 
would refer, of course, to duration of firing. 

Bernard Shaw says that the right to live is abused 
unless constantly challenged, and the remark is as true 
of scientific theories as of men. Ceramists are languish- 
ing under an effete system, of which the two most perni- 
cious elements‘ are the constant reference to the oxygen 
ratio and the idea that glaze trials must always be con- 
ducted on bodies. 
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DISCUSSION. 


Mr. Orton: This gentleman’s arraignment of the oxy- 
gen ratio is all right from his standpoint, but he does not 
seem to see what the oxygen ratio is for, or what it pre- 
tends to be. As I understand it, the oxygen ratio does 
not set up to be a mode of proving any visible quality. It 
is simply a mode of contrasting the physical peculiarities 
of bodies whose composition is intricate and of whose 
actual chemical structure we have no definite knowledge. 
It is a mode of comparing these, one with another. The 
oxygen ratio is not a theory—it is a mode of study. That 
is all it was ever intended to be. When dealing with 
substances like bodies and glazes, chiefly glazes, which are 
glassy combinations, and where the internal structure 
of the body is entirely unknown and as yet unknowable, 
there must be some mode of systematically comparing 
them. It cannot be done on the basis of percentages very 
well, because the mind soon becomes lost in a maze of 
figures. No mind is big enough to retain relationships 
on the necessary scale. Neither can wholly satisfactory 
results be obtained by the use of molecular formulae. You 
cannot get wholly satisfactory results by any single sys- 
tem. Professor Staley had a paper dealing with this sub- 
ject in the first session of this meeting, only a small por- 
tion of which was read, but in it he sets forth five different 
systems by which these facts of chemical structure may 
be ana yzed and compared. They have all been tried 
thoroughly, and they all have something of value which 
will lead them to be used for some time to come. No one 
of them is complete or final, but nevertheless, we cannot 
afford to lose any of them. The oxygen ratio is another 
instance of like kind. 

I do not see how any one would imagine that in the 
case of two silicates of the same molecular composition 
ana “ot the,.same, oxygen ratio, such, as CaO2SiO, and 
PbO2SiO,, they would necessarily have the same melting 
point. That would be against the chemical nature of 
things. But, if you isolate a small field of silicate bodies 
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for study, keeping a large part of each body constant 
(the bases for instance) and permitting but one variable 
at a time (the acid, for instance) then the oxygen ratio 
does become a very simple mode of contrasting the prop- 
erties of the series, and to that extent it is entitled to the 
use and consideration of ceramists and chemists. 


As a matter of fact, the ceramists did not initiate 
the use of this ratio. The first use of it was by the miner- 
alogists. They were dealing with the composition and 
structure of intricate silicates long before ceramists took 
them up. They used the oxygen ratio as a means of 
comparing compounds which seemed to have some 
characteristics in common, such as the form of crys- 
tallization, uniform angle of cleavage, etc. They could 
not find any other method as useful for their needs as the 
oxygen ratio. -Later, the metallurgists, being in the 
same situation as to sag compositions, grasped this prin- 
ciple and applied it to the comparison of slags, and it has 
been most serviceable. .Show a piece of copper ore to a 
metallurgist, and he will tell you the oxygen ratio of the 
slags he would use in smelting it. He would not pre- 
sume to say that an oxygen ratio of 1 to 2 in his slag would 
therefore be equally satisfactory in the slag for the iron ore. 
It is not possible to make comparisons by oxygen ratio 
between dissimilar groups of silicates. It was never in- 
tended that comparisons should be attempted except 
between bodies having much in common. 


When the third branch of silicate technology began 
to take form and ceramists began hunting for some mode 
of correlating their glasses and glazes, which are even 
worse than minerals, because they do not crystallize usually, 
they took up the oxygen ratio and used it, and it has been 
a great benefit to them, Mr. Stephenson’s opinion to the 
contrary, notwithstanding. | 


Mr. Stephenson: I am indebted to Professor Orton for 
his discussion, but I should have thought that his plea 
for adopting the ratio from an older science would have 
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been diammetrically opposed to American ideals. He does 
not try to harmonize the conflicting statement I quoted 
from the Transactions, nor does he justify the position of 
alumina among the bases. 

Mr. Purdy: ‘Once prejudice is swept away, the end is in 
sight with regard to glazes” says Mr. Stephenson. Quite evidently 
he assumes he is without prejudice and yet from what he has had 
to say in this note it would appear he had all yet to learn about 
glazes, to say nothing about the usefulness of the oxygen ratio 
as a tool. 


THE BURNING TEMPERATURE OF LIMESTONES. 
By A. V. BLEININGER and W. E. EMvey.’ 


This subject is one with which primarily the lime 
manufacturer is concerned but which also is of some second- 
ary interest to the ceramist who is dealing with calcium 
carbonate in the composition of his bodies. The subject 
will be discussed under three headings: 

1. The minimum burning temperature of limestone. 

2. The permissible maximum burning temperature. 

3. The physical changes accompanying the burning 
ef lime.., 

By the burning of lime we mean evidently the dis- 
sociation of the calcium and magnesium carbonate of 
limestone to form calcium and magnesium oxide which 
proceeds according to the reversible reaction: 


CACO a CO ces 


This reaction is endothermic and evidently represents 
a heterogeneous equilibrium in which the gaseous concen- 
tration of CaCO, and CaO may be considered as negligible. 
Writing the equilibrium equation in which C, = molecular 
vapor concentration or pressure of CaCO,, C, = that of CaO 
and C, of the carbon dioxide we have 


Ohi K or Cea 
C, 


C, 


“ 





Since C,, C,, and K are constant, C, must also be constant 
and hence it is only the pressure of C,, carbon dioxide, 
which governs the reaction, causing it to go forward or 
backward. . 

The heat of decomposition of calcium carbonate is 
usually taken to be 449 calories per kg. of carbonate or 
1020 calories per kg. of carbon dioxide. The dissociation 
temperature of CaCO, has been the subject of a number 
of investigations. The earliest work along this line is 


1 By permission of the Director, Bureau of Standards. 
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probably that of Debray' and Le Chatelier.2 The latest 
work is that of Zavriev*? and Johnston.‘ The work of the 
last investigator appears to be the most accurate and 
reliable. He found that the pressure of the carbon dioxide 
becomes equal to the atmospheric pressure at 898° C. which 
may thus be taken as the dissociation temperature of 
Caco. “Hence; itis not necessary *theoretically-itor heat 
limestone beyond this temperature, a condition to which 
there are certain practical objections as will be shown 
later. Johnston has also correlated the dissociation pressure 
and temperature in the equation: 


loge pDa= + 1.1 log T—o.o012T + 8.882 





9340 
aL 


Bearing in mind the theoretical dissociation tempera- 
ture, let us examine, briefly, the conditions of dissociation 
which confront the manufacturer of lime. “While, un- 
doubtedly, he could burn his limestone at this temperature, 
the fact remains that he can not afford to do so because 
it would take too long a time to accomplish the desired 
result. It is evident that the size of the pieces of limestone 
is of great importance in this connection inasmuch as all 
of the heat must be imparted to the stone from the outside, 
1. e., through the surface. 


The rate of heat-flow from the exterior to the interior 
of the lump of stone depends upon the difference in tem- 
perature between the inside and the outside of the lump, 
the radius of the piece, assuming it to be spherical, and 
the heat conductivity, which probably decreases as the stone 
is burnt to lime. From this it follows that the higher 
the kiln temperature, the more rapidly will the stone be 
burnt, and vice versa. It is, hence, obvious that it is‘eco- 





1 Compt. rend., 64, 603. 

2 Ibid., 102, 1243. 

3 Compt. rend., 145, 428. 

4 Jour. Am. Chem. Soc., 32, 938. 
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nomically impossible to burn lime at the minimum tem- 
perature except for special purposes where lime of high 
quality is required. 

The minimum dissociation temperature of a consider- 
able number of limestones was determined, in the Pitts- 
burg Laboratory of the Bureau of Standards, by making 
up small cylinders from powdered limestone, provided 
with a hole (in the center, and parallel to the axis) which pene- 
trated to about the middle of the specimen. This cylinder 
was placed within a small tubular furnace, about two inches 
in diameter, heated by a coil of nickel chrome wire. The 
latter was attached to the inside by means of a magnesite 
cement coating. A thermocouple was inserted into the 
limestone cylinder, and another one placed in position 
beside the specimen so that the temperature could be 
measured both on the inside and the outside of the cylinder. 
The ‘latter position, of “course, represented ine, jutnace 
temperature. By means of two rheostats the heating 
current was adjusted so that the time-temperature curve 
of the furnace space represented a straight line. Owing to 
the endothermic nature of the reaction, it is evident that 
the temperature curve of the couple within the cylinder 
will cease to be parallel with that on the outside during 
the dissociation of the calcium carbonate. The heat, 
penetrating from the outside to the inside, is not utilized 
in raising the temperature but in doing the work of dis- 
sociation. “A lagy therefore) appears: mores One iess pie, 
nounced, as the amount of carbonate is large or.small, or 
the rate of heating slow or rapid. In Fig. 1 this lag will 
be’ at» once observed: ~In“37 samples “oP Mimestone thie 
examined this lag was clearly indicated and was invariably 
located at 880° Ci, notwithstanding the differences +m 
the physical structure of the limestones. It would seem 
that this point might well serve as a standardization tem- 
perature in the calibration of thermocouples. Attention 
might be called, however, to the fact that the readings 
were made direct from the millivolt meter, no potentiometer 
having been used. 
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In dealing with magnesian limestones we have, in 
addition, “at’ a. lower “temperatire, a corresponding = 1ae 
point for the dissociation of the magnesium carbonate. 
This temperature in the present experiments seemed to 
be more variable though it was close to 750° C. 

It, would seem, then, that’ 830 %-C.2(oresg8>. Ce as de- 
termined by Johnston with more refined instruments) 
represents the minimum burning temperature and, pro- 
viding sufficient time ‘were allowed, all limestones could 
be burnt at this point. That this can not be done com- 
mercially we have already seen. Whileit would be desirable, 
as far as the tonnage output is concerned, to burn at as 
high a temperature as the fuel would produce, we are limited 
on the other side by different considerations. The impurities 
of limestones are evidently the varying amounts of silica, 
ferric oxide and alumina or those oxides capable of acting 
as acids in contact with a strong base. The amount of 
free available lime is decreased not only by the mere pres- 
ence of these compounds but far more so by the amount 
of CaO which they are capable of fixing at the temperature 
involved, as silicates, ferrates or aluminates. Thus in a 
limestone having the composition, 


Calcium carbonate O6:364per cent: 
Magnesium carbonate 0.74 C 
Silica 1.41 2g 
Alumina 0.25 a 
Ferric oxide 0.40 . 


the amount of lime actually available as such might be 
approximated in the following manner: Assuming that tri- 
calcium silicate and tri-calcium aluminate are formed, we would 
have left 96.36 — (7.25 + 0.75) = 88.36 per cent. calcium 
carbonate available to form free calcium oxide. The 
impurities, however, not only withdraw part of the lime 
from its useful function but, in addition, deteriorate the 
material by causing incipient softening of the stone and 
closing’ up of the pores. “It as*necessary» to realize’ that 
just as lime and other fluxes bring about the vitrification 
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of clay, so silica, alumina and iron oxide cause the partial 
closing up of the poresin the limestone. That this softening 
actually takes place may be observed when sticking occurs, 
in “many hot going lime kilns working impure stones, 
1. e., When the hot mass consolidates and must be started 
by means of iron bars. This partial condensation of the 
lumps of lime taking place under the same forces which 
bring about the vitrification of clays may, of course, be 
readily measured by means of the usual porosity and specific 
gravity determinations as they are applied with clays. 
Pure limesuffers’ some contraction 1m pore space. at the 
ordinary kiln temperatures. But it cannot be overburned, 
a fact well known to lime manufacturers. It is evident, 
therefore, that limestones of this type offer no difficulty 
in burning and that in such lime kilns the capacity may 
be pushed to the limit by employing a burning tempera- 
ture. as high as is reached conveniently. The partial 
contraction of the pore space in the lime brings about 
changes in the physical structure which are of vital in- 
fluence upon the slaking properties of the material. It 
is well known that the more porous a lime is, the more 
its capillary .structure:1s sdeveloped,. the »better,.1t slakes, 
and, hence, the more useful it is for all-round purposes. 
In the contraction due to the decrease in viscosity which 
causes the body to give way to the forces which tend to 
decrease its surface, not only is the capillary structure 
diminished and, in part, interrupted, but other changes 
take place, detrimental to the rapid absorption of water. 
These involve skin effects akin to glazing which necessarily 
oppose any admission of water. 

Generally speaking, the larger the amount of the 
silica, iron oxide and alumina, present in the limestone, 
the lower will be the temperature at which the softening 
and subsequent contraction takes place. The maximum 
temperature, permissible for a certain limestone, is thus 
largely dependent upon its composition. 

In order to determine the maximum temperature 
allowable for certain typical limestones collected by the 
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junior writer in his field study of limestone quarries and 
kilns, it was decided to make use of the rate of hydration 
as measured by the evolution of heat. The. quantity of 
heat generated and the rate at which it is given off depend 
upon the chemical composition of the lime and its physical 
structure due to the temperature at which it has been burned. 
Calcium oxide generates more heat than magnesium oxide 
and generates it more rapidly. If lime is underburned 
and some of the carbonate is still present, but little heat 
is given off. Similarly, if impure lime has been overburnt 
it is more or less inert in slaking. In either case the rate 
of hydration is decreased. 

In the work of determining the maximum temperature 
above which limestones should not be burned, the following 
procedure was carried out: Thirty-seven samples of 
limestone of various compositions were broken into pieces 
of about the size of a walnut. About four pounds of each 
of the samples were placed in a fire clay saggar, washed 
with whiting, and all of the saggers placed in a small down- 
draft kiln heated by natural gas. About 18 hours were 
‘required to bring the kiln up to the desired temperature 
which was maintained, with a maximum variation of 
ten degrees, for four and one-half hours. After cooling 
for 12 hours, the kiln was opened and the samples removed. 
These were sealed, while still quite hot, in air-tight fruit 
jars. Seven burns were made at 800°, 900°, 1000°, 1050”, 
1100°, 1200° and 1300°. The temperature was measured 
by means of thermo-couples placed in. various parts of the 
kiln. . 
The rate of hydration was determined in a calorimeter. 
A weighed amount of the pulverized lime sample and a 
constant amount of water were introduced into a brass 
cylinder provided with a water-tight cap and a rotating 
stirrer. The cylinder was then immersed in the water 
of the calorimeter and its temperature determined before 
and after the hydration. From the time-temperature 
curves thus obtained, the rate of hydration was estimated. 
The latter was characteristic for different types of limes. 


THE BURNING TEMPERATURE OF LIMESTONES. 625 


In Fie. oe(Curve 1)..the most rapid rate°oi hydration is 
shown by properly burned high calcium lime. An over- 
burned lime of this kind (Curve 2) takes twice as long 
to finish hydration as the normally burned specimen and, 
at the same time, does not evolve more than 3/4 of the 
heat given off by the latter., A dolomitic lime burnt to 
its proper temperature (Curve 3) shows a considerably 
slower rate of hydration than the corresponding high 
calcium: «stone-- Such cuirves.as these: were obtained. for 
every burning temperature of each lime; that is, seven 
curves for every material. By inspection or by the calcu- 
lation of a hydration factor produced by the product of 
two values, namely, the temperature rise times the rate of 
hydration, the limiting temperature may be estimated. 
The temperature rise evidently is the difference between 
the initial and the final thermometer reading, while the 
rate of hydration corresponds to the temperature rise 
divided by the time in minutes. In Fig. 3 the effect of 
the burning temperature upon the rate of hydration may 
be observed. It would lead too far to consider the con- 
ditions of each of the 259 time-temperature curves and it 
suffices to state that the following limiting temperatures, 
above which the limes should not be burned, might be 
deduced. 

High calcium lime, low in impurities, 1300° C., and 
above. 

High calcium lime, high in impurities according to 
the amount of the latter, r050° C.-1150° C. 

Magnesium lime, low in impurities, 1000° C.-1050° C. 

Magnesium lime, high in impurities, 900° C.-1020° C. 

From what has already been said it will be seen that 
the character of the impurities has much to do with the 
matter of maximum temperature. Concretionary iron, 
such as iron sulphide, irregularly distributed throughout 
-the stone will not manifest itself in the same manner as 
would finely divided iron oxide. The latter, undoubtedly, 
exerts a more injurious effect as regards the limiting tem- 
perature and the resulting quality of the lime. 
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L. P. = % true porosity based on total lump; T. P. = % true porosity based on solid substance; S. O. = true specific gravity; Dens. = lump density. 


Speciric GRAVITY, DENSITY IN THE LUMP, AND Porosity OF STONES BURNED AT DIFFERENT TEMPERATURES. 


Table I. 
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It is a curious fact that the initial porosity of the 
limestone has an important bearing upon the limiting 
burning temperature. This is indicated very clearly by 
Fig. 4 in which the porosity of the raw stone is correlated 
with the amount of CO, left in the stone at goo° C. From 
this correlation it is clear that the more porous the stone is 
to start with, the lower will be its burning temperature, 
as measured by the residual carbon dioxide content. This 
is a very interesting fact, the practical bearing of which 
is obvious. 


In order to trace the molecular changés which limes 
undergo upon being heated to different temperatures, 
careful determinations were made of the specific gravity 
of the lime itself and its porosity in the lump condition 
expressed both in terms of the volume of the true substance 
and of the apparent volume. In determining the densities 
of limes, the lump samples were immersed in melted paraffine 
under vacuum until the pores were sealed. The lump 
density was then obtained by suspension in kerosine. From 
these figures and the specific gravities of the powdered 
lime, the porosities were calculated according to the rela- 
tion: 


per cent. porosity based _ sp. gr. of powder — density of lump_ 





‘on total lump 3 sp. gr. of powder 


In Table I the results of these determinations are 
given and in Table II the chemical analyses referring to 
these samples of limestone, which represent typical American 
materials in commercial use. 


In analyzing this mass of data it is necessary to con- 
sider (a) the density of the lime itself without regard to 
the lump structure and (b) the change in porosity with 
increasing temperatures. 


(a) Some interesting relations are brought out in the 
study of the stones burnt to different temperatures. These 
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Table II, 


Analyses of Limestones. 





















































No. BiOy a aGe tate Fe,0; CaCO; MgCOs Total 
I 2 AT O22 0.40 85.18 LAge72 99.93 
2 To) OnL5 0.35 95.91 2.27 99.97 
2 0.44 0.08 0.20 98.05 TO 100.07 
4 0.34 0.19 0.28 58.20 41.16 100.17 
5 0.85 0.06 0.20 96.70 2.04 99.85 
6 Le 2s On4t | 0.45 95.70 2.25 100.02 
7 0.81 0.56 0.47 54.68 43 .66 100.17 
8 0.91 0.09 0.30 63.02 35-78 100.10 
9 Dey O.51 0.40 53.16 43.89 100.23 
10 0.94 | O.15 0.45 54.09 44.58 100.21 
11 0.53 | 0.04 0.05 99.21 0.74 100.57 
Ue: O.14 | 0.02 o.10 98.73 GEOL 100.00 
ie e295 0.07 0.30 86.43 12.98 100.05 
14 0.15 O.10 O.15 99.02 0.57 99.99 
15 eA T Ones 0.40 96 . 36 1.55 99.97 
16 | O.42 | 0.07 On 32 97.20 2". O02 100.03 
17 | 0.36 0.07 0.22 96.07 31. 26 | 99.98 
18 | 0.46 | 0.06 0.20 89.20 10, 04 100.06 
19 | 0.28 | 0.16 0.20 98.50 0.78 99.92 
20 0.80 | 0,410 O35 97.05. Ba fe 100.02 
21 1.05 | 0.40 | 0.55 96.21 170 | 99.97 
22 1.64 0:33 O31 94.39 B42 100.09 
Ze 0.16 | O13 0.06 98.93 0.76 100.04 
24 0723 | 0.08 0.20 98.25 126 | 100.02 
25 0765 It + D105 0.30 84.50. [As's3 100.03 
26 0.34 | 0.02 0.15 56.79 2.92 100222 
27, £92 0.03 0.30 54-04 43.81 100.10 
28 | ee 0.19 0.50 94.38 30 74 | 100.04 
29 0.56 0.05 0.20 55.00 44.31 100. 12 
30 1.04 0.05 0.25 54-25 44.52 | 100.51 
31 E12 0.06 0.40 54.82 AZ 079 100.19 
2 0.55 Ove4 0.40 55-09 43.91 | 100.19 
33 Oyzi 0.04 0.10 98.45 1.20 100.08 
34 Ona OoL3 0.30 98.2 1.05 100.09 
35 0.21 0.06 0.15 98.89 0.67 99.98 
36 0.26 0.02 0.20 98.84 0.65 99.97 
27 cteceys 0.53 0.40 94.89 3.05 100.22 
0.10 as bree: 0.88 100.08 
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are best illustrated by means of the four curves of Fig. 5. 
These represent four different types of limestone: number 
14 is a pure high calcium limestone, number 6 an impure 
high calcium stone, number 26 a pure dolomite and number 
31 an impture dolomite. The pure high calcium stone 
becomes denser with increasing burning temperature and 
at 1300° C. it reaches a density of 3.35. The impure high 
calcium stone does not do this but its increase in density 
begins to fall off and at 1200° C. it takes a drop, behaving 
in exactly the opposite manner from the pure stone. This 
is equivalent to saying that the true volume of the pure 
stone contracts as it is being raised to these temperatures 
Wile the ampure: high calcium -stoneexpands: ‘If, isiat 
once evident that the same conditions prevail which have 
been observed in the study of clays. It appears likely 
that the impurities and the lime form silicates, aluminates, 
and ferrates, which expand when vitrified. This, then, 
is the reason why pure limes constantly gain in density 
on being heated, while impure high-calcium limes decrease 
in density. 

The density of the pure dolomite stone increases up 
to,Q00.7C.. when. itoreaches. 3.305,.then..drops to .373'30,7at 
L100 , from=whete.1t:.again increases to 3.435 at 1I200°. 
Just what this drop at 1100° means we are not yet prepared 
to say. It is evident that this change is a significant and 
important one, and it may involve some action between 
the lime and magnesia which we do not yet understand. 
As regards the impure dolomite, we again have the char- 
acteristic drop in density from 1100° to 1300° C. which 
corresponds to an expansion in the true volume of the mass 
Mm aboutes 16. per. cent. 

(bya With telerence to» the “porosity curves: of . the 
various limes, the changes resulting upon burning might 
be illustrated by typical curves, Figs. 6, 7 and 8. In Fig. 
6 it is seen that the porosity increases to a maximum as 
the carbon dioxide gas is expelled and then decreases as 
the impurities enter into combination with the calcium 
oxide to form compounds which tend to soften and to fill 
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up the pores. The most favorable condition for the slaking 
of the lime is when it is most porous. The more ex- 
tensive and better developed the capillary system is, the 
more rapidly will slaking proceed, other things being equal. 
It must be kept in mind, therefore, that the point of maxi- 
mum porosity stands for the most favorable burning 
temperature as far as the quality of the lime is concerned. 

It is noted that the porosity increases up to a tem- 
perature of about 1000° C. where a halt occurs. These 
limes evidently are at their best at this temperature and 
their quality at higher temperatures can never be the same. 
An inspection of this curve will indicate that the slope 
from the point of maximum porosity towards the right, 
1. e., towards the higher temperatures, is exceedingly 
important. The steeper it is, the more narrow is the tem- 
perature range allowable for a given stone, the more easily 
is at -overburnt: This ‘test, stherefores produces -4. mean: 
of determining the burning behavior of a stone, just as it 
indicates similar characteristics in clays. The angle made 
by the curve descending from its highest point towards 
the right with the horizontal gives a measure of the burning 
tendency. The greater this angle or its tangent, the greater 
must be the tendency to become dense, and, hence, the 
lower the quality of the resulting lime. This contraction 
in volume is not to be ascribed solely to the content of 
impurities but in a large measure this phenomenon is 
inherently connected with the physical structure of the 
amorphous lime. Thus, even certain practically pure 
limes condense in a most striking manner, and, on the other 
hand, many pure limes show practically no poral contrac- 
tion. The reduction in porosity is, therefore, due, in part, 
to the kind of amorphous structure or the kind of colloid, 
and, in part, to the presence of fluxing impurities. The 
effect of the latter, therefore, is more marked in some 
limestones than in others. 

It is not likely that the best burning temperature 
exceeds 1050° C. Any increase in porosity beyond this 
temperature must be ascribed to other causes, such as 
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bloating. Thus, the carbon invariably found in limestones 
which, in the nature of the case, cannot be oxidized 
completely, may cause .an increase in pore space when 
given an opportunity to burn out at a rate too rapid to 
permitrot athe, ready sescape;.of ithe resulting gases. ..-This 
bloating is more likely to occur in stones of a dense struc- 
ture. 

In Fig. 7, a curious drop in the porosities of the limes 
is observed between 800° and goo0° C. for which no ex- 
planation is offered at the present time. In Fig. 8 it would 
seem that Curves 2 and 3 represent abnormal conditions 
and it might be suggested) that iwe. have here a case. of 
bloating, a condition which is more likely to take place 
in impure stones apt to become dense or “‘glazed’’ on the 
surface ss when= heated) to higher temperatures. -Curves 
Nos. 4 and 1 represent the peculiar conformation suggested 
by the corresponding density curves for which no explana- 
tion is offered. 


SUMMARY. 


1. The minimum dissociation temperature of calcium 
carbonate was found to be 880° C., and of magnesium 
Carbonate, 750°C. 

eine limiting Wurning temperature of lime > may 
be determined from the study of the hydration curves 
Onsiimes burnt sate different temperatures: In these, the 
temperature rise of a certain weight of water heated by 
the slaking of a given amount of lime is plotted against 
time, his. method, thereiore, -ofiers a means of» fixing 
the proper burning temperature for a given lime. 

3. The maximum temperature permissible: for pure 
high calcium stones is above 1300° C., for impure high 
calcium stones it lies between 1050° and 1150° C., for pure 
magnesian stone between 1000° and 1050° and for impure 
magnesian stone between g00° and 1020°. 

4. The porosity-temperature curve of a lime, likewise, 
gives valuable information in regard to the best burning 
temperature which is represented by the point of maximum 


. 
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porosity. The slope of the curve from this point towards 
higher temperature is a significant measure of the over- 
burning. The steeper the slope, the greater this tendency 
and vice versa. The reduction in the porosity of lime 
as the temperature increases is due, in part, to the inherent 
contraction of the amorphous substance, in part, to the 
fuxinge efiect ofstheampurities: 

5. The more porous a limestone is in its natural condi- 
tion, the more easily will it burn, that is, the more rapidly 
and at a lower temperature. Porous stone may be com- 
pletely burnt at g00° while the denser stone requires at 
least 1000° C. in the same length of time. 

6. The density curve of a lime burnt at different 
temperatures expresses its degree of purity. The specific 
gravity curve of pure limes tends to rise with increasing 
temperature above 1100° C., while the curve of the impure 
stone is depressed: -In* the .casetiof dolomitic: limes: 1t us 
likely that conditions are more complex than they are in 
the case of the high calcium stones, due to unexplained 
changes. : 


THE QUESTION BOX. 


‘What Is the Best Form of Magnetic Separator for 
Removing Iron from Slip?”’ 


Mr. Purdy: Electromagnet separator. If, for any 
reason, the current shuts down and the magnet is not 
working, the stream is cut off. It works automatically. 
Of course, the electromagnet will load itself with iron, 
the same as the horseshoe, but it is stronger, more posi- 
tive and under better regulation. 

Mr. Simcoe: My idea of a separator is simply to have 
a wheel with a plate, so constructed that this plate will 
go through the slip and be magnetized while the slip is 
passing it. A series of wheels can be made, so that there 
will be a number of magnets in the slip at all times; and 
there will be an arrangement to regulate the electricity 
so as to connect the magnet while it is in the slip, and to 
throw it out of connection when it is out of the slip. The 
speed of the current often is sufficient to detach some of 
the iron -ancecatry. it over, Therefore, I plan to’ havea 
jet of water to cleanse the magnets all the time. 

Mr. Mayer: We use an electromagnet. It is abso- 
lutely fool-proof. You cannot get it wrong. Just as 
‘soon as the current is off and there is no electricity in the 
magnet, the slip is shut off; and simultaneously, the bridge 
drops and lets the slip falt into another tank. We have f 
just received two machines from the Rapid Electric Co., 
of Birmingham, England. One is for slip and the other 
for flint. This is a long trough in which the slip passes 
over a series of magnets. There is an electromagnet 
with an armature connected with the bridge. As soon as 
the current fails, the bridge comes down, and the slip falls 
through instead of going into the trough. 

In our other machine, it not only shuts off the stream, 
but at the same time it closes the stop-cock that supplies 
the slip. Therefore, it shuts off the slip in two places, 
and it really fills the bill as an absolutely fool-proot 
machine. We took it out only because the magnets were 
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not strong enough, but this machine that we have now 
is not at all expensive, and I believe that.it is a good ma- 
chine. tones 

Mr. Riddle: Mr. Walker recently showed me a set of 
MAgmets: Neus ussny sim (his factory) at; Beaver» Falls. ).1t 
issiam Angeniouse device.) sAx-sertes of ‘electtic magnets. are 
placed in a trough with riffles arranged in it in such a 
manner that the slip passes under a magnet then over a 
partition, down under the next magnet over another par- 
tition and so. on past a dozen magnets and partitions. 
Iron which fails to be attracted by one magnet is pretty 
sure to be caught on one of the following magnets. The 
device is so arranged that it gives a signal when the cur- 
rent fails. I believe it also stops the flow of slip. 

Mr. Lee: In the magnetic separator, shown by Sim- 
coe, the current of slip is continuous while there is a break 
between the contacts. In metallurgy, where the current 
should be continuous, they have a device which, I think, 
you could get details of from Dr. Richards, of Boston. 
A magnet that would revolve like that one there, but with 
slight points of separation, so that a point of the second 
magnet would be in the solution always, and not leave 
the hanging condition of iron, would be a great advantage; 
and they have a machine of that kind. You cannot handle 
slip with a static machine, which is the best method of 
eliminating iron from dry powder. 


‘What Is the Best Substance to Prevent Clay Slip from 

Settling in the Casting Process? What Is the Ef- 

fect of this Substance on the Body in 
Firing?” 

Mr. Purdy: Silicate of soda. 

Mr. Barringer: I should like to ask Mr. Purdy whether 
silicate of soda would be good for general use. Added to 
some bodies it would seem to me that silicate of soda 
might be precipitated by bases present, thus forming an 
insoluble double silicate. 
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Mr. Purdy: I know that silicate of soda is good to 
keep bodies from sticking to molds. 

Mr. Watts: My knowledge is confined to a few ex- 
perimental tests covering work presented by Dr. J. W. 
Mellor and others in Vol. VI, Transactions of the English Ce- 
ramic Society. The data presented by these gentlemen 
is, however, apparently very roughly ub vat: all serela= 
tive, since the value found for the standard slip, without 
any salt added, varied during the experiments from 11.5 
LOR TON5. 

I made tests using silicate of soda, carbonate of pot- 
ash, and carbonate of soda, and came to the general con- 
clusion that silicate of soda was as good as any of the 
others, though carbonate of soda is considered by some people | 
to be superior to the silicate. It does not possess certain 
faults that they claim silicate introduces into the firing 
process. I, however, have never had experience with diff- 
culties in firing with bodies containing silicate of soda. 


Mr. Weelans: I should like to ask Mr. Purdy whether 
he has noticed any peculiarity in firing due to the use of 
silicate ot soda’ Did atthaveeany” eflect, on the dencity 
of the body? Did it assist in vitrification? 

Mr. Purdy: To some extent, yes. It made the body 
more rigid and more dense when burnt. You do not use 
an amount sufficient to cause much earlier fusion because 
of the silicate of soda. 

Mr. Weelans: Then you would not change the body 
atcall? 

Mr. Purdy: No. 

Mr. Binns: I understand that a common method in 
the preparation of the slip would be to blunge up and then, 
by subsidence, draw the water off. But, on the other hand, 
in the use of any alkaline solution it is necessary to add a 
measured amount of water to the clay, and the addition 
of alkali enables you to produce a thick slip with but a 
small amount of water. If you take an ordinary slip and 
blunge it in the usual way, with plenty of water, the alkali 
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las very little ‘effect:’ The’‘water: is already’ there. If 
‘you make it thin, the same process of subsidence. takes 
place, and you reach a point where the clay will not sub- 
side any more, because of the alkali in the fluid. The use 
of alkali would involve an entire change in’ nae ‘prepara- 
tion of slip for casting. 5; 


Mr. Mayer: I have never used this commercially, 
so do not know much about it, but I have made expeéti- 
ments with casting, and have come to the conclusion that 
you cannot mix a body up direct. I have found that if 
you are going to get the full effect of silicate of soda, which 
should be used with carbonate of soda, you had better 
dry thevela ye first) and “then piut/this'mixture.m, .1 got 
some splendid results in casting some very thick pieces in 
this manner. I do not know whether I could get such 
results commercially. 


I could get absolutely no good results when, for in- 
stance, I mixed up feldspar and china clay and ball clay, 
and put in the silicate and bicarbonate of soda while the 
clay was wet. I had to dry the clay first. 


Mr. Purdy: I should like to ask Mr. Weelans what 
effect silicate of soda would have on the body in the burn- 
ing? | 
Mr. Weelans: Just the effect that you have stated— 
increase its rigidity, density, and vitrification somewhat, 
but not to any great extent, that is, if you do not put in 
too much. 


With reference to the use of these and other like sub- 
stances in the manufacture of pottery, would say that in 
my experience their chief source of help lies in the 
following: 


Effect in Clay State. 


1. Used properly (as explained by Mr. Meyer and 
others) less water is required in the mix. 

Zoliecovghens ine clay slip,, permitting -it to dry. 
freer from cracks. 
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3. It dries very hard and strong, and owing to this 
there is noticeably less breakage of the ware in the clay 
state. 

4. Its principal use is confined to the ware to be 
casted although it can be used in pressed ware (meaning 
in a stiff mud state permitting it to be pressed into moulds 
by the hands of the operator), but owing to the incon- 
venience in its use in pressed ware and its less pronounced 
benefits, it is not in general use. 


5. It permits certain complicated articles being made 
in fewer separate pieces, hence fewer seams, resulting in 
less loss. 


6. In casting these large pieces, though very materially 
assisted by the use of the above material, much difficulty 
is observed in securing articles free from air holes, blebs, 
etc: 


Some of the Noticeable Results after Firing. 


1. When a sufficient quantity is used to be of benefit 
in the clay state, in the firing, increased vitrification 1s 
noticeable. 


2. Ware made up with this mixture is much more 
sensitive to over-firing. 


3. Ware made with this mixture added to the body . 
is, after firing, less tough, and, owing to this increased 
brittleness, is less durable. 


4. Being more sensitive to over-firing, this condition 
is less easily detected in the biscuit state than in ware 
made regularly without this material added. 


5. When ware in which this material is incorporated 
is over-fired, the tendency is to bring about early disinte- 
gration of the body and glaze, sometimes noticeable shortly 
after coming out of the gloss kiln, and sometimes not until 
after installation of the article (showing numerous cracks 
all “over (the piece). 


This defect has not: yet been ‘positively located ‘to 
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bodies high in clay or high in flint, but the writer’s limited 
experience would attribute it as most likely to occur in 
bodies high in clay. 

In conclusion, I would say that for small articles 
the benefits derived from the use of this. material 
in the body overbalances its resulting defects; but for 
heavier complicated articles not enough has been done 
nor time sufficient been given to fully determine its bene- 
fits. 


SAGGAR BREAKAGE. 


(Geebestyisystem nto ekeep track of (1t. 9 (b)/. How. to 
figure the percentage of breakage. (c) Has the shape 
any iniluence. on. the breakage? (d) At* what stage of 
cooling is breakage most liable to occur? (e) Is the break- 
age on machine-made saggars greater than on hand-made?”’ 


Mr. Barringer: Taking the last point first—‘Is the 
breakage on machine-made saggars greater than on hand- 
made?’ I would say that in our work with electrical 
porcelain, we think the breakage is greater with hand- 
Wade .saggars, because there is a decided» tendency for 
them to break where they are joined. The bottom being 
put on separately in the hand-made saggar, it will part 
from the ring; and where the ring is joined, the saggar 
will often break apart. Since we have used the machine- 
made saggars, though we have almost as much breakage, 
it does not appear so decidedly in these places; and any 
break that may occur is not so great. 


Pathink» the ieakageis greater 1 the first ring where 
the rate of heating up and cooling is greatest; likewise, 
Mouton tiontnel supe <doot. — When the: doorvas: opened, 
which is done very quickly after the kiln is fired, a greater 
percentage of saggars will be found broken in front of it 
than elsewhere. Therefore, the rate of cooling and heat- 
ing has a decided effect on the breakage. 

Regarding the shape of the saggar, we can only reckon 
on the same basis, 7. e., what we actually obtain in practice. 
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Our rectangular saggars last much better than the round 
ones. I have not thought much about the reason. 


As to the percentage, we have to use blanket figures. 
We know how many saggars enter the kiln, and how many 
broken ones come out. They run up to 20 per cent., the 
average life of a saggar being five burns. 


Mr. Mayer: The best system for keeping track of 
saggar breakage, I think, and the one that we have adopted, 
is to have at the kiln-door a card on which are printed 
the names of all the different kinds of saggars we make. 
Whenever a saggar is thrown out, the man in charge scores | 
it on the card. You are all aware of the fact that the loss 
on the drawing day does not represent the loss in the kiln. 
Some saggars are broken in drawing and represent a loss 
during placing. We also keep close track of these by.tre 
same method, the foreman making a mark for every saggar 
broken. The sheet is then handed in when the kiln goes 
in. The plan is very simple, and we have followed it for 
a long time, finding it a very good one. 

As to how to figure the percentage of breakage, they 
say that any figures will lie, but our percentage of break- 
age-on the. glost is; practically 10 percent. (9.6 per cent. 
actual) and 5 per cent. (4.8 per cent. actual) on the bis- 
cuit. These figures vary but little, unless we run into some 
bad clay or something of that kind. We have maintained 
these figures for very many years. 


By 10 per cent., I mean the ratio of saggars broken in 
placing and drawing to the whole number of saggars in 
the kiln. 

We do not know the influence of the shape, because we 
use only the oval; but we find a much greater percentage 
of breakage among the saggars of low sides than among 
those with higher. In the saggar that we call a low cup 
saggar, there will be a much higher percentage of break- 
age than in higher ones, for the reason that the lower 
the saggar, the harder it seems to be to keep it straight in 
drying. 
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“At what stage of cooling is breakage most liable to 
occur?’ JI am unable to answer. The saggars in the first 
ring, of course, go much sooner than those in any other 
part of the kiln. 

“Is the breakage on machine-made saggars greater 
than on hand-made?” I have used nothing but hand- 
made, so cannot answer. 

Mr. Humphrey: With reference to the last part of this 
subject—‘‘Is the breakage on machine-made saggars greater 
than on hand-made?’’ I would say that my experience 
differs from that of Mr. Barringer’s considerably. This 
may be due, first, to the fact that the machines were differ- 
ent; and secondly, to the size of the saggar. The machine- 
made small saggar, I believe, can be made much more 
readily than can a large saggar, single or double banjo; 
and the result is quite different. As a saggarmaker makes 
a saggar by hand, he re-enforces it at the point where the 
side joins the body, which should be the strongest point,. 
as most of the strain comes there. In the machine-made, 
with which I had my experience, the saggar was not stronger 
au that.point, and in releasing it from the drum, it was 
quite readily strained just at the point where it should be 
strongest... bie iresiilt was’ that it would’ *break ‘more 
readily if made by the machine than it would if made by 
hand. If the saggarmaker had used ordinary care in do- 
ieee oem Omine, stiicnimieht: not tave been the result: ob 
have not taken up the question of the comparative cost 
Getie two Kinds, Dit "the, breakage was greater in the 
machine-made than in the hand-made. 

Mr. Burt: In fine porcelain, as long as the porcelain 
is at red heat, one does not hesitate. to let cold air rush in; 
but ‘when it approaches the point where the red heat is 
passing off, the kiln is sealed up to protect it. I have 
seen a kiln of terra cotta drawn very hot, and as soon as 
it got out, you could hear it crack. I have always con- 
sidered that the cold air does not hurt the ware so long as 
jem eotercaineaty Ditsthe iminute 1t/passes unto the next 
stage, there is the real danger. 


THE CHEMISTRY OF SAND-LIME BRICK. 
By T. R. ERNEST, PH.D., Spokane, Wash. 


The chemistry of sand-lime brick, like that of Port- 
land cement, is a subject about which we know but little 
and find it easy to speculate. The literature of this new 
industry is at yet very meagre, and what has appeared 
has had to do almost wholly with the technology of manu- 
facture, tests, etc: 

In his original patents, Dr. Michaelis claimed that a 
hydrated calcium silicate was formed when an intimate 
mixture of lime and silica were subjected to the action of 
high pressure steam for several hours, and so far as the 
chemistry of this process is concerned, we have learned 
but very little since the time of its origin. 

The work embodied in this paper was done at the 
University of Illinois by the writer under the direction of 
Prof. S. W. Parr, for the degree of Doctor of Philosophy 
in Chemistry, during the years 1903-1010.) s. IuOrc. coll. 
plete report of the investigation will be found in Bulletin 
No. 17 of the Geological Survey of Illinois. 

Two general methods of attack were available for this 
investigation, viz.: Chemical and Microscopic. 

In: preparing “the compounds for chemical analysis 
two general lines were followed. In one of these, a small 
percentage of lime was used with a large amount of silica, 
and in the other, a small percentage of very fine silica was 
mixed with a large amount of lime. By thorough mixing 
and long steaming it was possible to cause one of the con- 
stituents to enter almost completely into combination. 
This procedure simplified the process of analysis quite 
materially and enabled us to obtain a fair degree of accu- 
racy in the determination of the composition of the com- 
pounds formed in the reaction. 

The materials used in the microscopic study of this 
subject were prepared with the same degree of care as were 
those used in the chemical analyses. These materials 
were examined both in the form of thin sections and as 
powders properly mounted. 
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MATERIALS AND METHODS. 


The lime used in this work was Kahlbaum’s best cal- 
cium oxide, burned from pure marble. It was carefully 
slaked, great care being exercised to prevent carbonation. 

The silica was prepared by precipitation from sodium 
silicate. This material, after drying and washing, proved 
to be a very fine-grained and pure product. 


Two grades of sand were prepared by grinding crushed 
quartz and Ottawa Standard sand in a disk pulverizer, 
sieving out the part passing an eighty- and retained on an 
hundred and twenty-mesh sieve, and washing carefully 
with acids and alkalies to remove any impurities. 


For chemical analyses, samples were made by mixing 
the proper materials in the dry condition, then adding 
water and pouring into a metal dish which was then placed 
in an autoclave and steamed. 

In those experiments in which small percentages of 
lime were used it was found that it practically all entered 
into combination with the silica. The problem was then 
one of the separation of free and combined silica. Where 
large percentages of lime were employed the silica was 
practically all combined, and the problem was one of the 
removal of the free lime without the decomposition of the 
calcium silicates. Various devices were resorted to in 
order to effect this separation, some of which will be briefly 
described below. 

The first attempts at removing this excess of free lime 
were by washing with distilled water, but owing to the 
slight solubility of lime in water and. the difficulty of keep- 
ing out carbon dioxide it was found that this method 
could not be used to advantage. The next attempt was 
to wash out the free lime with dilute acetic acid. The 
freshly prepared compound was placed in a beaker with 
water from which the carbon dioxide had been previously 
expelled by boiling. A few drops of phenolphthalein 
were then added and dilute acetic acid was added very 
slowly so that the solution did not become acid during 
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the operation. By this procedure it seemed probable 
that the free lime could be removed before the acid would 
attack the calcium silicate. It was found, however, that 
even with the greatest care some of the silicate was always 
decomposed, but as the silica in this case was left in the 
form of flocculent silicic acid it was possible to remove this 
by careful decantation. 

When it was discovered that even dilute acetic acid 
had the power of decomposing these silicates so easily, a 
search was made for a weaker acid. The ionization con- 
stants of some of the weaker acids are given in the follow- 
ing table: 


Ionization Constants at 18° 


Horie HBO fer tat Heke aoe pe © lev etOue 
Hydrosulphide ion' S- + Ht............ Lo at Onee 
Hydrosulphict HS 4H fn tees oe i Ot Cpoe 
Hydrocarbonate’ CO, + |S eipheen Geen Liskataes 6.0 ><"10" 7") 
Carbonich HCO. = HPS) ee owe Ewore <i stem 4 
AcetiesO,eOs shh. oh Re ea toe 1.8 DC FOR 
PheniiC it OF eine Meee aki te aee TSO re 


To be of any value in the removal of free lime from 
the calcium silicates, as in this case, it is essential that the 
reagent in question be without action on the silicate and 
at the same time form a soluble compound with lime. 
Both phenol and hydrogen sulphide fulfil these require- 
ments. Of these, the latter appeared to be the more con- 
venient and was used in these experiments. The material 
from which the free lime was to be removed was placed in 
a flask and water added. ‘This was then connected with a 
supply of hydrogen sulphide gas and kept saturated for 
several days. This converted the lime into calcium acid 
sulphide without any apparent action on the calcium 
silicate. The silicate could then be washed and analyzed. 

The action of carbonic acid on these compounds was 


1 Jour. Am. Chem. Soc., 31, p. 760 (1908). 
2 Zeitschr. physik. Chem., 32, p. 137 (1900). 
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also studied and the conclusion made that calcium 
silicates of this character are completely decomposed by 
the action of carbonic acid. 


METHODS OF ANALYSIS. 


In the case of samples made up with an excess of lime, 
after the removal of the free lime, the analyses were car- 
ried out in the usual manner, 7. e., the silica was determined 
by treating with hydrochloric acid and evaporating several 
times. In the filtrate from the silica determination, the 
calcium was determined by precipitation as the oxalate 
and titration with permanganate. 

In those samples where excess of sand was employed, 
it was necessary to separate the combined and free silica. 
The work of Lunge’ and Millberg shows conclusively that 
in order to make this separation quantitative the quartz 
grains must be of such a size that they will settle out of 
water quickly. With ‘dust fine’ quartz, these investiga- 
tors found that in a two-hour digestion on the water bath, 
even a one per cent. solution of sodium carbonate dissolved 
aro per cent, of the quartz ‘taken’ for’the test: ’° With ’a 
15 per cent. solution of either sodium or potassium car- 
bonate, on the other hand, only a very slight trace was dis- 
solved by a two-hour digestion of a quartz of such size 
that it would settle out of water quickly. Hydrated sili- 
cates, such as trass, opal, pozzoulane, etc., dissolved almost 
completely with the same treatment. The work of these 
investigators proves conclusively that it is necessary to 
use quartz grains having an appreciable size. 

It might be supposed that silicates of the sort here 
studied would dissolve completely in acid, but the separa- 
tion of combined silica is not so easily effected. On the 
addition of a strong acid the silicate is decomposed, the 
calcium going into solution as a salt of the corresponding 
acid, and with the separation of silicic acid, some of which 
goes into solution while the remainder is precipitated as a 





-1Z. angew. Chem., pp. 393 and 425, 
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colloid. The amount remaining in solution will depend very 
largely on the concentration of the acid used. A strong acid 
will precipitate much of the silica which had been in solu- 
tion, while a very dilute acid will retain the larger part of 
it in solution, but in any case there are appreciable amounts 
of it thrown out, especially upon heating. Hence the 
necessity of following any acid treatment with an alka- 
line solvent under conditions such that any separated 
silica may be redissolved without at the same time at- 
tacking and carrying into solution a part of the silica that 
had not been in combination. 

The determinations in this work were made by first 
treating the sample to be analyzed with a solution of hy- 
drochloric acid made by diluting the strong acid (1.19 
sp. gr.) to ten times its volume with distilled water. The 
sample was broken up in a manner not to further reduce 
the size of the sand particles, treated with 250 cc. of this 
dilute acid and digested on the water bath for several 
hours. 

The solution was then filtered off and the residue 
washed several times with a 5 per cent. solution of sodium 
carbonate, a digestion of about an hour on the water bath 
being employed with each washing. The sand could then 
be weighed after the burning of the filter paper, and the 
silica determined in the filtrate in the usual manner. The 
calcium was left in the filtrate from the silica determina- 
tions and was determined by precipitating as the oxalate 
and titrating with permanganate. 

Where free lime was found in any quantity it was: 
necessary to remove this or determine the amount present. 
before proceeding with the silica determination. It can 
be removed by treating with hydrogen sulphide in which 
case the calcium is converted to the sulphide or acid sul- 
phide, and can be removed by washing. Care must be taken. 
to use water that does not contain carbonic acid as calcium 
carbonate would be thrown down by this reagent. In 
case the free lime is to be determined, this can be done by 
allowing the material to stand in a closed flask with dis- 
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tilled water, which, with an occasional shaking, will dis- 
solve the lime, when an aliquot part can be drawn off and 
the lime titrated with standard acid. If there is very 
much lime present, the sample taken should be small or 
some sugar added to the solution to increase the solubility 
of the lime. Other methods might be used in special 
cases, but these appear to be very satisfactory for all ordi- 
nary cases. 


RESULTS OF CHEMICAL ANALYSES. 
Silicate No. I. 


This sample was made with three parts of lime to one 
of precipitated silica. Steaming was at 12-15 atmos- 
pheres per sq. in. for 10 hours, and the excess lime was re- 
moved, first by decantation of the flocculent calcium hy- 
drate, then treating with phenolphthalein and dilute acetic 
acid. 

Lime-silica ratio: 0.674/1. 


Silicate No. IT. 


‘This sample was made by mixing three parts of sand, 
prepared from crushed quartz, with one part of lime hy- 
drate. The steaming was at 12-15 atmospheres for 8 
hours, and the excess lime was removed by treatment 
with dilute acetic acid. 

Lime-silica ratio: 0.899/1. 


Saaicate No. ITI. 


This sample was made in substantially the same way 
as sample No. II. 
Lime-silica ratio: 0870/1. 


Silicate No. IV. 


This sample was made with to per cent. of CaO and 
the same fine-grained sand as above. Steaming was at 12-15 
atmospheres for 8 hours. Lime was washed out with dilute 
acetic acid. 
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Lime-silica ratio: 0.863/1. 
Water-silica ratio: 0.632/1. 


Siuscate. No. V.. 

This sample was made with 15 per cent. CaO and-the 
fine quartz sand. .Steaming was for 8 hours at 15 atmos- 
pheres. The excess lime was removed by boiling with ad- 
ditions of a solution of ferric chloride. This caused the 
precipitation of ferric hydroxide, the lime at the same 
time going into solution as the chloride. As the ferric 
hydroxide was of a very ffloceulent nature, it) couldjbe 
easily decanted off with the supernatant liquid. The 
process was carried on until the clear liquid showed no 
color with phenolphthalein. The analysis was carried 
out as usual except that iron had to be removed before 
determining the calcium. 

Lime-silica ratio: 0.890/T. 

Water-silica ratio: 0.508/1. 


Silicate No. VI. 

This sample was made with three parts of lime to one 
of precipitated silica. The ingredients were mixed with 
water to the consistency of a thick cream or slurry and 
steamed for 8 hours at a pressure of 12-15 atmospheres. 
The excess lime was removed by agitating and decanting 
the flocculent lime hydrate, and finally by the addition 
of phenolphthalein and acetic acid, and washing. 

Lime-silica ratio: 0,847) 1. 


Silicate No. VII. 


This sample was made with 10 per cent. CaO and the 
fine quartz sand used before. It was steamed for 8 hours 
at a pressure of 15 atmospheres. The lime was practically 


all in combination. 
_Lime- silica ratio: Or 818/1 it 


Silicate No. Vib 
This sample was made with 3*/, per cent. CaO and 
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fine sand from crushed quartz. Steaming for 8 hours at 
12-15 atmospheres. 

Lime-silica ratio: 0.873/1. 

Water-silica ratio: 0.726/1. 


mr icale wIVOn8) X.. 


This sample was made with 7.5 per cent. of CaO and 
the fine quartz sand used before. Steaming for 8 hours at 
a pressure of 12-15 atmospheres. Only a trace of free . 
lime remained. 

Lime-silica ratio: 0.837/1. 

Water-silica ratio: 0.837/1. 


Silicate No. X. 


This sample was made by using 8.5 per cent. CaO in 
the same way as in silicate No. VIII. Steaming for 8 
hours at 12-15 atmospheres. Free lime was negligible. 

Lime-silica ratio: 0.853/1. 

Water-silica ratio: 0.824/1. 

During the hardening of this sample water collected 
in the dish and on this a crust was formed. This material 
dissolved completely in dilute hydrochloric acid and showed 
a lime-silica ratio of 0.968/1. 


Silicate No. XI. 


This sample was made by using 15 per cent. CaO and 
fine quartz sand asin No. V. The free lime was removed 
by the use of ferric chloride as in sample No. V. The 
sample was dried and separated into two parts, fine and 
coarse, by means of sieves. Analysis showed the follow- 
ing results: 

Coarse. Fine. 
Lime-silica ratio: o.g10/1. Lime-silica ratio: 0.833/1. 
Water-silica ratio: 0.544/1. 


thicate.. Now X11, 


This silicate was made with 7.5 per cent. CaO and the 
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fine. sand prepared from Ottawa Standard sand. Steam- 
ing was for 8 hours at a pressure of 12-15 atmospheres. 

Lime-silica 1Tatlo.36. 35774" 

Water-silica ratio: 0.748) 1. 

A portion of this sample was ground in a mortar 
with a soft pestle so as to remove the compound from the 
sand grains as much as possible. The part passing an 80- 
mesh sieve and retained on a 120- was subjected to a process 
of fractionation by the use of a heavy solution. Three 
fractions were taken and the heavy and light fractions 
analyzed. 

Lime-silica ratio of heavy fraction: 0.885/1. 

Lime-silica ratio of light fraction: 0.830/1. 


Sadacate No. XTIF 


This sample was made with 1o per cent. CaO and the 
fine sand from crushed quartz. It was steamed for 8 
hours at 12-15 atmospheres, dried, and then ground as 
before with a soft pestle in a mortar. The part passing 
120 meshes and retained on 200 was retained and sub- 
jected to a fractionation process as in the case of the sam- 
ple just preceding. Four fractions were taken, the analy- 
ses of which are shown in the following table: 


Table Showing Analysis of Silicate No. XIII. 




















| Per cent. 
. Fraction | , Per cent. combined Per cent. - Time-silica 
number sand | silica lime ratio 
Be faite ct as oe eco ph Pind ARs eR cre! 
ani: 56.70 2 RgRe Ie 21.40 Y ABse4/4 
LEA3: 34.65 22 TR 32.60 1.08/1 
Aes | el 50.00 48.76 1.04/1 





Silicate No. XIV. 


This sample was made by using three parts of CaO to 
one of precipitated silica, mixing with enough water to 
form a slurry, shaking -well, and steaming for 8 hours at 
15-20..atmospheres. The steamed mass was washed with 
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boiled water into a flask and connected to a source of hy- 
drogen sulphide. This gas combined with the lime forming 
a soluble compound which was washed. out. When the 
lime was removed so completely that there was little ac- 
tion after standing for some time with phenolphthalein, 
the flask was disconnected and the remaining silicate 
thoroughly washed. The compound was then dried and 
fractionated by the use of a heavy solution, as above. 
Three fractions were taken, the first two being heavy and 
the last light. The lime-silica ratios were the following: 


First fraction (heavy) i Sevens 
Second fraction (heavy) 1.11/1 
Third fraction (light) LS jk 


The following experiments were carried out for the 
purpose of ascertaining whether there was any more silica 
rendered soluble by a given amount of lime when the sand 
from crushed quartz was used than in the case of the 
Ottawa standard sand. Into each of four platinum cruci- 
bles was weighed exactly 0.5 gram of CaO, care being 
taken to preclude the possibility of any of the same becom- 
ing carbonated. Into each of these was then weighed 
5 grams of sand, the Ottawa sand being used in two, and 
that prepared from crushed quartz in the other two. Great 
care was exercised to keep out carbon dioxide at all stages 
of the process. The crucibles were steamed for 8 hours 
at a pressure of 20 atmospheres. One sample from each 
series was used for the determination of the lime-silica 
ratio and the other for the determination of the percentage 
of combined water. The results of this experiment are 
shown below: 








Results of Experiment No. XV. 

















Sand from Ottawa | Sand from crushed 
' standard quartz 
Wane SICA Atle rye te | ole To eda | Eots,5 or 
Water-silica ratio......... | Ongena | On vos r 


Chemical formula...... 1.2CaO.SiO,.0.7H,O -  r.2CaO-.SiO,.0.8H,O 
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The results shown in the following table are from an 
experiment exactly parallel to the one just preceding, 
except that the amount of lime used was 0.25 gram. 





Results of Experiment No. XVI. 











Sand from Ottawa | Sand from crushed 
standard quartz 
Lime-silica ratio «2.06.3 | eae sem | Iie 
Water-silica ratio......... 069.271 Omer 


Chemical formula 





The results shown in the following table are those from 
an experiment which differed from the one just preceding 
only in the fact that the steam pressure was 10 instead 
of 20 atmospheres: 


Results of Experiment No. XVII. 








Sand from Ottawa 


Sand from crushed 





























standard quartz 

Lime-silica Tatio: 27500 4... LOO sa5 Lise 

Water-silica ratio......... ©. 90°15 9 re RS a 

Chemical formula......... | | 
Summary of Results of Chemical Analysis. 

Composition c ; Pressure 
No. of mixture Mols. Mols. Mols. Experi- |in atmos- 
(Approx.) CaO $10, H.,O ment No, pheres 
I CaO.9Si0, 0.86 I 0.63 4 12-15 
2 CaO.19Si0, 0.89 I 0.51 5 12-15 
3 CaO.27Si0, 0.87 I 03793 8 12-15 
4 CaO.13Si0, 0.84 I 0.84 9 12-15 
5 CaO.27Si0, 0.85 I 0.32 10 12-15 
6 CaO.6SiO, 0.91 I 0.54 II 12-15 
7 CaO.13SiO, 0.84 I 0.75 12 12-15 
8 CaO.9Si0, 1.18 I 0772 15a 19-21 
9 CaO.9SiO, be 16 I 0.76 150 19-21 
10 CaO.19SiO, I.14 I 0.69 16a 19-21 
II CaO.19Si0, Lett I 0.71 16b 19-21 
ie CaO.19SiO, | 1.09 I 0.90 17a Q-I1 
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Summary of Results of Chemical Analysis (Continued), 


























Com position Mols. . | Pressure 
oe pb eeatetey See det ro nen ne foe 
ara: CaO. 19SiO, cre I Ie 05 17) Q-II 
14 CaO.3510, 0.90 a i 2 12-15 
15 CaO.3Si0, Oe37- I 3 12-15 
16 3CaO.SiO, 0.85 I 6 12-15 
Ory CaO.9Si0, 0.82 I 7 nae 
18 CaO.27Si0, 0.97 I 10a 12-15 
19 CaO.6Si0, 0.83 I Ila 12-15 
20 Ca0O.13510, 0.89 I eo 12-15 
een CaO.13Si0, 0.83 I 12; 12-15 
22 CaO.9SiO, Ele I ee 12-15 
23 CaO.9Si0, I.04 I Loy 12-15 
2 | CaO.9SiO, 1.08 shi ge 12-15 
pA CaO.9SiO, 1.04 I 13, 12=15 
26 3CaO.Si0, 1.30 I 14, 15-20 
2 3CaO.SiO, Ei. TE I 14, 15-20 
28 3CaO.SiO, Taka I 








es I5>20 





DISCUSSION OF CHEMICAL ANALYSES. 


It can readily be seen from the table that the lime- 
silica ratios are all in the neighborhood of one. This 
shows that the lime and silica are present in the bonding 
material of sand-lime brick in nearly equal molecular 
proportions and that the major part of this bonding ma- 
terial is doubtless the hydrated calcium metasilicate (CaSiO.. 
xH,O). The variations from this formula, however, are 
greater than can be attributed to experimental error, 
hence there must be other silicates present also. It would 
seem that with excess of lime, the orthosilicate (Ca,SiO,) 
might be formed, and that with an excess of available 
silica there would appear a calcium disilicate such as 
CaO(SiO,),. If calcium orthosilicate is formed at all, it 
would surely appear when lime and precipitated silica 
are used in the ratio of 3 to 1, as in numbers 16, 26, 27 
and 28. But, if they are formed here, why does not the 
molecular ratio of lime to silica, as determined by analysis, 
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show it? In this connection it must be remembered that 
in an atmosphere of dry saturated steam it is possible that 
such a compound may be stable, while, when treated with 
an excess of water, it is very likely broken down by hy- 
drolysis. When excess of silica is used in the mixtures, 
chemical analysis is difficult, if not impossible, unless the 
silica be in the form of quartz grains of sufficient size to 
be only slightly acted on by the dilute alkalies used in the 
separation. In a mixture composed of-.such sand grains 
with 20 per cent. of lime, only the’ sutiaces oi) the cand 
grains furnish available silica for the reaction, consequently 
in the various parts of the mixture the molecular ratio 
of lime to silica will vary and we would expect several 
compounds to be formed. Now, if a mixture of com- 
pounds such as this be treated with a large excess of water 
to remove free lime, hydrolysis of the compounds begins, 
and as the dicalcium silicate hydrates most easily it doubt- 
less goes down to the metasilicate thus: | 


Ca,SiO, + 2H,O => CaH,Si0,+Ca(O8),. 


This is one of the reactions that takes place in the 
setting of Portland cement, and it is not improbable that 
even under the conditions here attained, an anhydrous 
calcium silicate may form which, when treated with water, 
hydrolyzes as shown in the above equation. In practically 
all of the samples showing lime-silica ratios lower than one, 
the samples were washed with a considerable quantity 
of water, and in some cases a very little dilute acid or hy- 
drogen sulphide gas. In samples 9-13 this was not done, 
but tests for free lime were made on the material just as it 
came from the: steam cylinder. Trials were made in 
which the samples would not color phenolphthalein at once 
but would do so on standing for some time. This appears 
to be good evidence that the materials hydrolyze, or at 
least that some of them do. 

The conclusion seems to be justified that the ratio in 
which lime and available silica are present in the mixture 
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will determine to some extent the ratio of lime to silica 
in the molecule formed. Since this varies in different 
parts of a sand-lime brick mixture, it must be true that 
there are a number of silicates present in the bonding ma- 
terial, the greater part of which is doubtless the hydrated 
metasilicate with some orthosilicate and some disilicate. 


The water found in combination was quite variable. 
In these determinations the samples were dried to constant 
weight at 100° and ignited in the blast furnace. The water 
in combination was found to vary from about a third of a 
molecule to something more than a molecule, per mole- 
cule of silica. It is evidently held with very different de- 
grees of tenacity and it is quite probable that the amount 
of water which may be in combination is not a constant. 


The amount of water held in combination appears to 
decrease with increasing steam pressures as shown in ex- 
periments 15-17. This must be taken to mean that the 
decomposition pressure of some hydrate in the mixture 
is greater at the higher temperatures employed than the 
pressure of saturated steam, consequently there is a loss of 
water at the higher temperatures. 


From the facts at hand, the conclusion appears to be 
justified that in sand-lime brick made from pure calcium 
lime and silica sand we have a mass of sand grains held to- 
gether by a bonding material which is a mixture of hy- 
drated calcium silicates. The molecular ratio in which 
lime and silica occur is nearly equal to unity, consequently, 
the major portion of this material is doubtless the meta- 
silicate of calcium, hydrated to a greater or less extent. 
Silicates, having a higher and lower lime-silica ratio than 
one, must also be present to account for the variation in. 
this ratio as determined by analysis. The amount of 
water in combination is evidently quite a variable quan- 
tity. 

It must be true that under the influence of steam 
lime is able to attack silica somewhat as follows: 
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Ca(OH), + SiO, <= CaSiO, + H,O (or CaSi0;.H,0) 
CaSiOy + Ca(OH), => Ca,Si0; + HOO. 


Now, the orthosilicate will doubtless hydrolyze to some 
extent, as shown in the following equation: 


Ca,SiO, + 2H,O => CaH,Si0, + Ca(OH,). 


One molecule of lime may also attack two of silica with 
the formation of hydrated disilicate, thus: 


Ca(OH), + 2510, = CaH,Si.0,. 


In the light of their structural relations, these reac- 
tions appear as follows: 


® 


OH O O OH 
YY Cat +0=Si=0— Cae Ssi =0+H,0 or cok YsiK 
O 


Nou eae Nou 


Then again: 


OH Oise iia Qole gion 
6 CAL py, +O SI = OF CR-V g- Ca+H,O or 
ss OP: Ese silicate Once tat 
OR ny HOR BE ROK pee H,O 


and by hydrolysis: 


Oe O eee Ok , OH ee 
@ Cag pS A + PHOFCK OOK oy + COL on 


Water may now be eliminated from this to regenerate 
the anhydrous compound thus: 


2g OPP RN” TANG UES ee 
@) Cas SO pe Pn CBig HAO tle? 
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or two molecules may lose a molecule of water between 
them, thus giving a double molecule with half the amount 
of water: 


OH Ort 
22 an Or ve 
RT ONS x 
@) OI OIE aS a Noo See ee 
Cae RO Gat Oh 
\O- OH CO OH 


Now if this double molecule should lose one of its calcium 
atoms by hydrolysis, a disilicate would result thus: 


Cee HQ. 
CAO G OH 
OG “O#2H:O = 0p aC (GAG 
ISR Soe ee 
SOO OH H1O-7 ~~ OF 


It is quite probable that all of these reactions take 
place at least to some extent. The most stable molecules 
are doubtless the simplest ones, consequently we would 
expect to find the mass of silicates composed largely of 
the simple calcium hydro-metasilicate, and that this is 
doubtless the case is shown by the fact that the ratio of 
combined lime and silica is nearly unity. Varying the 
ratio of lime to available silica in the raw mixture will 
have an effect on the relative proportions in which the 
compounds are formed, as does also a variation in the 
steam pressure on the relative amounts of water held in 
combination. 


PETROGRAPHIC WORK. 


By the aid of the polarizing microscope it is possible 
from considerations based on the properties of light alone, 
to distinguish between isotropic and anisotropic media. 
This may be done for substances very finely divided. Thus 
it would be an easy matter to distinguish between ground 
glass and ground quartz, or powdered salt and powdered 
sugar. If the particles are large enough to cover a con- 
siderable portion of the field of the microscope, one may 
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distinguish further between uniaxial and biaxial crystals 
or crystalline substances by looking for the interference 
figures in converging light. This would enable one to say 
whether the substance crystallizes in either the hexagonal 
or tetragonal system, on the one hand, or the orthorhombic, 
monoclinic or triclinic, on the other. If the material oc- 
curs in particles large enough, it is possible to do many 
other things, but for very small particles it is not possible 
to say more than that a substance is isotropic or anisotropic, 
unless definite crystals appear. 

In order to study this problem, sections were prepared 
from several kinds of commercial sand-lime brick, of a 
small sand-lime block made in the laboratory, and of 
small blocks made from pure silica and lime., Slides were 
also prepared from material made by heating for about a 
‘week, in sealed tubes, mixtures of lime and silica, under a 
pressure of 120 pounds per sq. in., and in various other 
ways. 

The photomicrographs of sand-lime brick sections 
shown below (Figs. 1 and 2) were taken by transmitted 
light without the use of the upper nicol. They show that 
the bonding material of sand-lime brick is not transparent 
as are the quartz grains and, consequently, that if crys- 
talline at all the crystals are very small and closely packed. 

Figs. 3 and 4 are photomicrographs of a. section 
prepared from equal molecular quantities of pure lime 
and precipitated silica. The material was thoroughly 
mixed by grinding in a mortar and, after moistening, 
subjected to very great pressure in molding. Two small 
cylinders 0.5 in. in diameter were made, which were steamed 
in the usual way. ‘The fracture of this material was con- 
choidal and the luster was vitreous. The sections were 
made as thin as was consistent with the nature of the ma- 
terial. When examined between crossed: nicols, the’ freld 
was uniformly dark except for” small spots’ in Fig. 3. 
When examined in plain polarized light without the use 
of the upper nicol and'‘at a magnification of 315 diam- 
eters, such structurés as are shown in Fig. 4 were visi- 
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ble. The lighter areas are isotropic and evidently must 
be crystals belonging to the isometric system. The light 
points which appear between crossed nicols (see Fig. 3) 
are small crystals which are doubly refracting. It was not 
possible to make further determinations of these doubly 
refracting crystals because of their small size. 

Larger particles of this doubly refracting compound 
were found in the material prepared as described under 
silicate No. XIV, wherein precipitated silica and lime 





Pige a. 


were used. Some of this material, after freeing from un- 
combined lime and washing thoroughly, was put into a 
hard glass tube and sealed. This tube was then left in 
the steam bath for about two weeks. The material was 
then removed, washed and dried. Some of the powder 
was then mounted in Canada balsam for study. Some- 
what larger crystalline bodies were apparent, but nothing 
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showing a regular outline that would permit of the identifica- 
tion of the crystal system. This slide also furnished par- 
ticles which in converged light gave the uniaxial inter- 
ference figure. Calcium hydrate crystallizes in the hex- 
agonal system and so does calcium carbonate, but under the 
conditions whereby this material was prepared there is 
hardly a possibility that enough of either of these com- 
pounds could be present to form crystals of such size. 





Hisae. 


It would seem that from microscopic evidence we are 
warranted in saying that at least two distinct crystalline 
compounds are present in calcium silicates formed at steam 
temperatures. The isotropic crystals doubtless represent 
a compound occurring to some extent in the bonding ma- 
terial of sand-lime brick, but present in larger amounts 
in the compounds made from lime and fine silica as, for 
example, that from Southern Illinois, or of such a degree 
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of fineness thatthe reaction penetrates throughout the 
mass. Sections of sand-lime brick, and in fact all the 
slides examined, show small, highly double refracting 
crystalline particles which are doubtless the zeolitic min- 
erals observed by other investigators. The fact that 
these particles show the uniaxial interference figure in 
converged light places them in either the hexagonal or the 
tetragonal crystal system. 


GENERAL CONCLUSIONS AS TO THE CONSTITUTION OF 
SAND-LIME BRICK. 

1. Sand-lime brick made from pure materials consist 
of sand grains cemented together by a bonding substance. 

2. Aside from the calcium hydrate or carbonate that 
may be present, this bonding material consists of a mix- 
ture of at least two and most likely three calcium sili- 
cates, some of which are hydrated. 

3. The bulk of this mixture of silicates is calcium meta- 
Silicate’ (CasiO,; or > Casi0,°H,0). 

4. Other silicates which must be present to some ex- 
tent are calcium orthosilicate and calcium disilicate, the 
latter of which may contaim one or more molecules of water 
of hydration. 


MELTING-POINT AND DEFORMATION EUTECTICS. 
By Homer F. STaLEy, Columbus, O. 


One of the most startling results of the application of 
physical chemistry to silicates has been the absolute di- 
vorce effected between melting and fluidity. Formerly, 
when we said a substance melted, we meant that it became 
more fluid, and when a substance became more fluid un- 
der heat treatment, we said it melted. Now physical 
chemistry forces us to admit that these statements are not 
necessarily true. This has been accomplished by giving 
definite restricted meanings to the words: solid, liquid, 
melting and solidification. These are defined as follows: 

Solid: physically anisotropic, crystalline. 

Liquid: physically isotropic, amorphous. 

Melting: change from the crystalline to the amorphous 
State; 

Solidification: crystallization. 

Luckily we can still use the word fuse in its accustomed 
meaning of becoming fluid under heat treatment. 


According to the above definition, a substance can 
melt without any increase of fluidity. Such an instance 
is noted in the oft-quoted case where Day and Allen! ob- 
served feldspar to lose its crystalline form, 7. e., melt, yet 
remain rigid. In the same way amorphous substances may 
become more fluid under heat treatment, yet can never 
melt. They are already melted. 


This had led to the consideration of two kinds of eutec- 
tics—the melting-point eutectic and the deformation 
eutectic. 


The Melting-Point Eutectic.—The melting-point eutec- 
tic mixture of a given set of materials may be defined as 
that mixture which requires the least temperature to cause 
the materials to change from the crystalline to the amor- 
phous state. Thisis the one to which physical chemists ordi- 





1 Day and Allen, ‘‘Isomorphism and Shermal Properties of the Feldspars,’’ Amer. 
Jour. Science, 4th Series, Vol. XIX, p. 93. 
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narily refer when they speak of a eutectic mixture. Such 
eutectics can be accurately located only by measuring 
the adsorption of heat which accompanies melting, or by 
observing the change in the optical properties of the ma- 
terials due to the change of state. 


The location of the eutectic point between two min- 
erals has been well summarized by Vogt, as follows: 


“Those minerals which have a high melting point anda 
relatively high latent heat of fusion have a eutectic point 
so located that it lies closer in composition to the more 
fusible mineral. If the difference in the melting points is 
considerable, the eutectic temperature is very close to the 
fusing point of the more fusible mineral. The eutectic 
composition of two minerals having about the same melting 
point is nearly in the middle. The eutectic composition _ 
also approaches close to the lower melting component 
when the latter has a higher, and the more infusible mineral 
a lower molecular weight.’’”? 

The influence of the molecular weight of the com- 
ponents is generally slight, since in silicates high melting 
point and high heat of fusion usually go together. The 
difference in relative heights of the respective melting 
points of the components is the dominant factor in deter- 
mining the location of the eutectic composition. 


The Deformation Eutectic.—The second kind of eutec- 
tic has been considerably confused with the first. It has 
not been given a distinctive name, and, for want of a bet- 
ter, we may call it the ‘‘deformation eutectic.’ A de- 
formation eutectic may be defined as that mixture which 
requires the least heat treatment to cause fluidity suffi- 
cient to result in the deformation of the mixture. Such 
eutectics are the kind located by the use of cones, or any 
equivalent means of determining incipient fluidity. 

For reasons to be explained, it often happens that 
the “deformation eutectic’? corresponds in composition to 


1 In this statement the word ‘‘fuse’’ and its derivatives are used in the sense now 
more accurately expressed by ‘‘melt.’’ 
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the melting-point eutectic. Such a case is illustrated in 
the SiO, : Al,O,2SiO, binary system, corresponding to mix- 
tures of quartz and kaolinite. Seger! found that the ‘“de- 
formation eutectic’? contained 80.2 per cent. quartz, while 
Shepard and Rankin? found that the melting point-eutec- 
tic contained 78.25 per cent. quartz. The two curves are 
given ii sbige 12 

It will be noted that the deformation curve les above 
the melting-point curve. This means that after the mix- 
tures had been heated sufficiently to cause loss of crystal- 
line state, a further increase of heat will be necessary to 
produce enough fluidity in the cones to result in deforma- 
tion. 


It will also be noticed that the left-hand side of the 
deformation curve rises rapidly so that the deformation 
point of SiO, is almost as high as that of Al,O,3.2510,, while 
the left-hand part of the melting point curve is almost flat 
and the melting-point of SiO, is 170° C. lower than the 
melting-point curve of the Al,O,.2510, mixture. In other 
words, quartz, or rather cristobalite into which quartz 
inverts between 800° and 1100° C., melts at about cone 
27, while it does not begin to fuse, 7. e., become fluid, until 
cone 35. A refractory material does not necessarily have 
a high melting point, but it must have a high fusing 
point. | 
The deformation curve does not necessarily always 
lie above the melting-point curve. It may coincide with 
it or even fall below it. All three relations are shown by 
superimposing Reike’s! deformation point data on Day 


! Collected Writings of Seger, Vol. I, p. 545. 

2 Shepard and Rankin, ‘‘Binary Systems of Alumina with Silica, Lime and Magnesia.”’ 
With Optical Study by Wright. Amer. Jour. Science, 4th Series, Vol. XXVIII, p. 293. 

3 The deformation points in degrees of the Seger cones used in plotting the curves are 
the estimated values. 

* Sprechsaal, Vol. 40, p. 595. 
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aud Shepard’s' melting-point curve? for the lime-silica 
Series) GL UIMIMerals. (bio. 2), 

The closeness with which the deformation curve fol- 
lows the melting-point curve depends on three factors: 

I. The fluidity of the component materials immediately 
after melting, 

Il. The amount of melting-point eutectic present in 
the various compositions. 

IIL. The height of the melting point of the last of the 
composition to melt, above that of the eutectic portion. 

The effect of these three factors may be summarized 
as follows: 

I. The greater the fluidity of the melted portion, the 
greater the tendency to deform. 

Il. The greater the amount of melting-point eutectic 
present in a mixture, the greater the tendency to deform. 

III. The more refractory the excess components as 
compared with the eutectic, the greater the tendency to 
deformation before complete melting. 

In some cases where the eutectic composition is quite 
fluid, and its melting point considerably below the melting 
point of the bulk of the composition, we may have deforma- 
tion before complete melting of the mixture. In the im- 
mediate neighborhood of the eutectic composition, Factor 
II has great weight, hence the deformation eutectic gener- 
ally falls in this region. However, the melting point of 
the last of the composition to melt cannot be high above 
the eutectic point. So in this region, deformation rarely 


! Lime Silica Series of Minerals. Day and Shephard, with Optical Study by Wright. 
Amer, Jour Sci, LV Series, Volo Xo. ps 265. 

2 ihe curve indicates the temperatures at which the last of the compositions melted, 
z. e., lost their crystalline nature. 

3 ~The deformation of the CaO!/2SiOg mixture probably took place at a higher tem- 
perature than is indicated. Reike’s measurements indicate the temperature of the fur- 
nace. As this cone was made up of a mixture of SiO» and CaO, the heat of combination 
(28,300 calories), resulting from the formation of CaO!/.SiOs from the oxides, would be 
liberated at a high temperature and suddenly raise the temperature of the cone much 
higher than that of its surroundings. We would not expect a compound to deform much 
before the temperature of complete melting. ‘She fact that CaO enters into silicate com- 
bination with a decided evolution of heat is one of the circumstances that makes it a dan- 
gerous ingredient in ceramic bodies. 
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precedes melting. Of course it would be impossible for 
the exact eutectic composition to deform before beginning 
to. melt. Ti the’ component: 'ol-dominant’ -efiect: is7ibut 
slightly fluid after melting, we may have the deformation 
curve high above the melting-point curve. 

Application of These Principles in the Case of Ceramic 
Bodies as a Special Case.—Vitrification of ceramic bodies 
is dependent upon fluidity in the ware. A composition 
might be entirely melted but not vitnfied, or on the other 
hand, might be vitrified when only a small portion is melted. 
The vitrification zone of course always lies below the de- 
formation line or zone, and so its upper limit is fixed by 
the factors that control the position of the deformation 
zone. The lowest possible limit of vitrification of mix- 
tures of crystalline ingredients is fixed by the temperature 
at which the eutectic composition begins to melt: 

The factors controlling the width of the vitrification 
zone may be summarized as follows: 

I. The greater the fluidity of the melted portion, the 
more narrow the vitrification zone. 

Il. The greater the amount of melting-point eutectic 
present in a mixture, the more narrow the vitrification 
zone. 

We see that for a wide vitrification zone, if one of 
these factors is large, the other must be small. 

The study of the relations between deformation and 
melting make it plain that deformation-point curves are 
as valuable, or more valuable, to the ceramist than true 
melting-point curves, It also warns us of the grave errors 
into. which we may be led if, when applying the results 
of physical chemical research to our work, we do not dis- 
tinguish between deformation and melting. 

Deformation of Glasses.—All three temperature-com- 
position curves so far given have a minimum at the eutec- 
tic composition, and at first thought we might expect the 
line representing the deformation points of the correspond- 
ing frits or glasses to have a minimum at the same place. 
It is a rather common but erroneous assumption that the 
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curve for the softening points of glasses parallels in a 
general way the melting points and deformation curves of 
corresponding raw compositions. Eutectic mixtures, how- 
ever, have little significance in glasses. The softening point 
line for glasses bears little relation to either anaes 
point line or deformation-point line. 

It is generally of entirely different shape and its posi- 
tion in regard to the other two lines varies in different 
cases. 

Since glasses are mixtures of liquids, they exemplify 
the laws for viscosity and fluidity of mixtures of liquids 
given in the following three cases. Glasses do not con- 
form rigidly to the laws as stated, for these laws apply to 
homogeneous liquids or mixtures of liquids, and unless 
prepared with a great deal of care, including several grind- 
ings and remeltings, glasses cannot be entirely homogeneous. 

Case A.—No chemical compound or molecular ag- 
gregation is formed or broken up. 

I. The viscosity of mixtures is not quite additive, 
usually falling a little below what would be expected by 
the rule of mixtures. Fluidity, the reciprocal of viscosity, 
is most always additive in liquids. 

II. Viscosity decreases at a slowly decreasing rate 
with increase of temperature. In other words, viscosity 
is a hyperbolic, while fluidity is practically a linear fune- 
tion of temperature. 

III. Each liquid has a characteristic rate of decrease 
and increase of fluidity. 

Case B.—A chemical compound or molecular aggre- 
gate (loose compound) is formed. The viscosity curve 
exhibits a maximum, the fluidity a minimum point. 

Case C.—A chemical compound or molecular aggre- 
gate is broken down into more simple components. The 
viscosity curve shows a minimum, the fluidity a maximum 
point. 

According to these, the lines indicating temperature 
of equal viscosity for various homogeneous mixtures of 
two liquids in which no chemical action takes place would 
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be slightly curved lines approximately parallel to each 
other. If the two liquids have the same viscosity at given 
temperatures, the lines of equal viscosity will be horizontal. 
If not, the lines will be tilted. High and low points on 
the curve both correspond to compounds. The composi- 
tions corresponding to eutectic mixtures fall on interme- 
diate points on the curve and give absolutely no indica- 
tion of especial fluidity. This is well illustrated by the 
curve taken from Dr. Schaller’s article on Jena glass.! 

In Fig. 4 we have shown the melting-point line for 
lead silicates worked out by Cooper, Shaw and Loomis,? 
and the softening point or deformation point line of lead 
silica glasses? given by Mellor, Lattimer and Holdcroft, 
in Vol. IX, Transactions of the English Ceramic Society. 

Cause and Effect of Inhomogeneity.—From what has 
been said up to this point, we might gather that the calcu- 
lation of the softening point of a glass or enamel is a simple 
matter. We might be led to say that it would consist of 
calculating the minerals probably present in it and of 
knowing the viscosity of these minerals at various tem- 
peratures. If this were true, all glasses of the same ulti- 
mate composition would have the same softening point. 
From their experience with empirical formulae, ceramists 
know this is not the case. The point to the whole matter 
is that the rules laid down for viscosity of liquids refer to 
homogeneous liquids, as mentioned, and in glass homo- 
geneity is not readily obtained. 





1 Sprechsaal, Vol. XLII, pp. 614-18. 

2 Am. Chem. Jour., 1909, p. 461. 

3 The part of Mellor, Lattimer and Holdcraft’s curve between PbO and PbO!/2Si0Og 
is of doubtful accuracy for two reasons: 

(1) As noted by the experimenters, the determination of the softening points actually 
attempted were distributed by the strong tendency to crystallization in these mixtures. 

(2) The authors seem to take it for granted that the softening point of PbO as a glass 
is. the same as its melting point as a crystal. They were probably led to do this by the cir- 
cumstance that it is practically impossible to keep PbO in the uncrystallized state long 
etiough to determine its softening point as a glass. Since PbO is extremely fluid as soon 
as melted, this assumption is probably false, and the glass would soften at a much lower 
temperature than the crystalline form melts. Barring the extremely remote possibility 
of another compound somewhere between PbO and PbO!/.SiOv, the softening points of 
mixtures of PbO as glass and PbO!/:SiO» as glass should lie on a continuous curve between 
the softening points of the two ingredients. The sharp break and rapid rise in the curve 
going from PbO!/28iO2 to PbO as a glass is extremely questionable. 
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The physical and mineralogical condition of the in- 
gredients of a glass both have a decided bearing on the 
rate of attainment of homogeneity. In the extremely 
viscous fluids with which we deal, diffusion, or natural 
mingling of fluids, is very slow indeed. Coarse particles 
of a mineral of high melting point may remain in the semi- 
fused glass for a long time before enough material that 
acts as a flux toward this mineral comes in contact with 
them to cause them to melt. Moreover, it is perfectly pos- 
sible for globules of one melted mineral to lie suspended in 
another for many hours at elevated temperatures. In 
fact, some cases of opacity seem to be due to this very 
circumstance. Such mixtures are mineral emulsions. Of 
course all mineral emulsions are not opaque, this property 
depending upon the optical characteristics of the liquids. 
Now the viscosity of a mixture of liquids in the form of 
an emulsion is not the same as if the mixture were homo- 
geneous. In silicate mixtures it is generally greater. 

All glasses pass more or less rapidly through this 
emulsion state, the degree of homogeneity obtained de- 
pending upon: 

I. The size of the globules. 

This is independent upon the fineness of grinding of 
the materials used. 

II. Lhe rate of diffusion. 

This is dependent upon the viscosity of the minerals 
in the melt, and for each mineral, viscosity is dependent 
upon the temperature. 

III. Time. 

For a concrete illustration, we may take SiO,. If 
we introduce this in the form of flint, we know that the 
finer the grinding, 7. e., the smaller the globules formed 
when it fuses, the greater the degree of homogeneity, and, 
therefore, the less the viscosity of our glass at a given 
stage in the burn. If we replace fine flint by coarse, and 
wish our glass to mature in the same time, we must 
increase the rate of diffusion, 7. e., raise the maturing 
temperature. If we wish it to mature at the same tem- 
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perature, we must hold it near the maturing temperature 
for a longer time. Now if we introduce SiO, by means of 
lime-soda feldspar, a mineral with less viscosity at given 
temperatures than flint, and so a more rapid rate of diffusion, 
we know that we may obtain the same degree of maturity 
if we grind less fine, fire to a lower temperature, or fire for 
a shorter time. In fact we may make all three of these 
changes at once. 


Since our glass compositions are very viscous and pos- 
sess a slow rate of diffusion, it is our practice not to allow 
time for diffusion sufficient to produce a glass at a low 
temperature. We save time by firing to a higher tempera- 
ture. The larger the percentage of a mineral which is 
slow to diffuse, and the coarser it is ground, the higher 
must we heat the glass in order to develop maturity. The 
result is that the curve for the maturing point of a given 
unhomogeneous glass mixture lies above the curve for a 
homogeneous mixture of the same composition. The 
greater the superheating necessary, the greater the inter- 
val between the two lines. 


Raw Glazes.—These are, of course, very unhomoge- 
neous when first fused and must, therefore, be heated to a 
temperature considerably higher than that at which a 
homogeneous mixture would develop enough fluidity to 
be called a matured glaze. When we are dealing with 
viscous liquids, since time is a factor in diffusion, the com- 
positions that melt first, 2. e., those near the eutectic mix- 
ture, may be expected to require less superheating than 
others. On the other hand, many substances and mix- 
tures are very fluid as soon as melted, and in these the line 
indicating the maturing points for raw glazes practically 
coincides with the melting-point line. For these reasons 
the line indicating the maturity points of raw glazes will 
always lie above the melting-point line and be irregular in 
shape, for it will be influenced by eutectic relations be- 
tween the ingredients as well as by the viscosity of these 
in the melted state. 
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WHEN TO FRITT A GIVEN COMPOSITION IN ORDER TO 
IMPROVE ITS HEAT RANGE. 

Body Mixtures.—There is little to be gained by frit- 
ting minerals or mixtures which do not vitrify or deform 
until a considerable temperature interval above the point 
at which they melt. It will be necessary to heat them up 
to this temperature whether or not we have destroyed the 
crystalline form in a previous heating. For instance, 
there would be little change made by fritting in the vitri- 
fication range, or in the final fusion point of quartz or 
kaolin, or mixtures of these. On the other hand, there 
is a decided advantage in fritting minerals or mixtures 
that vitrify and deform before or soon after complete melt- 
ing. By fritting, we can reduce the temperature at which 
vitrification sets in, and widen the vitrification zone very 
materially. In this way, by fritting part of a body com- 
position, it would be possible to convert it from one which 
fuses suddenly at a high temperature into one which vitri- 
fies gradually at a much lower temperature. Such a 
method would be especially applicable to compositions 
containing CaO. 3 

Fritted Glazes.—Any glaze is benefitted somewhat by 
fritting, as it is made more homogeneous and will, there- 
fore, mature at a lower temperature. The greater ad- 
vantage, however, comes in those compositions that melt 
suddenly and immediately become very fluid. By frit- 
ting, these can be made to mature gradually and safely 
at a.much lower temperature. As the temperature of 
volatilization is not lowered by this process, the heat range 
of the glaze is widened very much. A case in point is the 
remarkable improvement in the behavior of compositions 
containing BaO brought about by fritting. It would also 
be possible to use as fritted glazes many compositions 
containing lime, which are unworkable as raw glazes. 


SUMMARY. 


In this article we have attempted the following: 
(1) To show the relation between deformation and 


682 MELTING-POINT AND DEFORMATION EUTECTICS. 


melting, and to call attention to the grave errors into 
which ceramists may be led if they fail to make this dis- 
tinction in applying the results of physical-chemical re- 
_ search to their work. 

(2) To show the lack of relation between the soften- 
ing points of glasses and the melting- and deformation-points 
of corresponding compositions made up of raw materials. 

(3) To discuss the cause of unhomogeneity in glasses 
and glazes and the effect of this in causing glasses of the 
same ultimate composition (same empirical formula) to 
vary in viscosity when given the same heat treatment. 

(4) To point out the kind of bodies and glazes that 
will have their heat range lengthened by fritting and those 
that will not be especially benefitted. 


NOTE PREPARED AFTER READING MR. STALEY’S PAPER. 


Mr. Kerr: The question Mr. Staley has brought up 
is of first importance to ceramists and one that will demand 
more and more consideration as the accumulation of data 
increases. A definite restriction in the meaning of the 
various terms used in connection with vitrification phenom- 
ena is very much to be desired and the terms used by cera- 
mists should certainly conform with those used by physical 
chemists. Fortunately, in most of the work that has been 
done in the field of the silicates, except that done in the 
Geophysical Laboratory of the Carnegie Institution, the 
common meaning of melting (7. e., making fluid) has been 
used. It is equally fortunate that with the great majority 
of materials, the change from crystalline to amorphous 
state is coincident with the production of fluidity; hence, 
the term ‘‘melting”’ is applicable whether used in the old 
sense of ‘“‘making fluid’”’ or in the strictly physical chemical 
sense of ‘‘changing from crystalline to amorphous state.”’ 
There has, therefore, been little or no confusion caused 
up to the present time. 

In the first definition given in the paper the terms 
‘‘amisotropic”’ and ‘‘crystalline,’’ though used as synonyms, 
are not synonymous. All uniaxial crystals are isotropic 
(not anisotropic) but they are nevertheless crystalline, 
and according to all definitions, they are solid. 


POTASH SALTS FROM FELDSPAR. 
By Epwarp Hart. 


In early times, wood ashes formed the source of potas- 
sium compounds; but with the discovery of the: Stassfurt 
salt deposits and the devising of methods for purification 
of the overlying potassium compounds, potassium chloride 
and sulfate became and have since remained the source, 
practically, of all the potassium compounds in common 
use. While the Stassfurt deposits contain potassium 
sufficient to supply the world for many years, this forms 
but a small percentage of the world’s total potash deposits, 
contained in the feldspars and micas of the granite rocks. 
'In this country alone, these exist in tremendous deposits 
and if the potassium contained in them can be readily 
and cheaply extracted, it will more than suffice for our 
own needs, both in agriculture and in the chemical arts. 

Up to the present time, however, no method likely to 
succeed commercially has been devised, although a number 
of “patents have ,been. taken. out. The most available 
material for the purpose of potash extraction would seem 
to be the refuse obtained in mining feldspar for the use of 
the potter. This is obtainable in large amount and at 
low price and should contain, if the feldspar be perfectly 
pure (KAISi,0,), 16.9 per cent. potash. 

My experiments on this subject began about three years 
ago and it soon became evident to me that if commercial 
success were to be obtained, it would be necessary not only 
to separate and sell the potassium, but I must also add to 
this, the pure alumina and the pure Silica obtainable from 
the material, and that these must be as free as possible 
from iron in order that they might command the highest 
price. 

Several years ago, Jacobs discovered that if barium 
sulfate be heated in an electric furnace with the proper 
amount of carbon, barium oxid mixed with sulfide would 
be obtained. The reactions which occur here are probably 


as follows: | 
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BasO, PSOE BeGt a. 200,” 
BaS + 3BasO7= 4BaO) 74450;) 


It occurred to me that this reaction might be available 
in transforming the insoluble silicate, feldspar, into a more 
soluble compound, decomposable by sulfuric acid. My 
experiments at first were directed to the formation of a 
barium potassium aluminum silicate by mixing barite and 
carbon with the feldspar and fusing the mixture, grinding 
the slag obtained and treating with sulfuric acid. I suc- 
ceeded in obtaining considerable quantities of alum in this 
way, but I have since found the best method to be to 
mix potassium sulfate, feldspar and carbon in the propor- 
tions of 4 molecules feldspar, 4 molecules potassium sul- 
fate and 2 atoms of carbon. It is usually necessary to 
use rather more than this quantity of carbon to compensate 
for the formation of some sulfid remaining in the mixture 
and some carbon monoxid contained in the gas. When 
perfectly free from sulfid, the glass is light green in color, 
part of the color being due to traces of iron present. My 
experiments go to show that the glass is probably more 
easily decomposed when sulfids are present in some quan- 
tity, but I am not quite positive as yet on this point. At 
any rate, when finely enough ground and treated with 
diluted sulfuric acid, a residue is obtained, consisting of 
almost perfectly pure silica and a solution containing alum, 
potassium sulfate, sodium sulfate from the feldspar and 
a little sulfate of iron in the form of ferrous sulfate. On 
evaporating this solution, alum and potassium sulfate 
crystallize out leaving a mother liquor containing the 
impurities present in the feldspar and in the reagents, 
chiefly a little aluminum sulfate, a little potassium sul- 
fate, nearly all of the sodium sulfate and some ferrous 
sulfate. To this residue, potassium sulfate and a little 
carbon are added in such proportions as to convert the 
potassium sulfate on fusion into potash. The potash 
then unites with the alumina present, forming potassium 
aluminate. The amount of carbon is so regulated that 
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a small quantity of potassium sulfid is also contained 
in the slag. This being the case, on treating it with water, 
this slag dissolves, leaving sulfid of iron as an insoluble 
residue which may be filtered off, the solution containing 
potassium aluminate. From this potassium aluminate, the 
alumina is precipitated by passing through it carefully 
washed furnace gas containing carbon dioxid, leaving in the 
solution a mixture of potassium and sodium carbonate, 
which may be crystallized out, purified and sold. The 
alumina is washed and sold as such. A further amount of 
alumina may be obtained from the alum by treating it 
in solution with potassium sulfid. The alumina precipi- 
tates in such form that it can be readily filtered and puri- 
fied for the market, while sulfuretted hydrogen is given 
off to be converted either into sulfuric acid by the contact 
process or into sulfur by the Chance-Claus process. In 
solution we have potassium sulfate, which is separated 
by evaporation. The products of the operation are then 
first, silica, which I hope to produce so pure that it may 
be used by potters and take the place of ground French’ 
flint; second, alumina for use in the manufacture of alumi- 
num or aluminum sulfate; third, potassium sulfate, taking 
the place of the imported article; and, fourth, a small 
amount of sodium potassium carbonate, useful in the 
manufacture of soft soaps. Whether the process can be 
commercially operated will depend, of course, upon the 
cost of materials, cost of operation of the process and price 
to be obtained by the products which cannot be predicted 
with much accuracy for any future period. From present 
prices, my calculations indicate that the operation can: be 
carried on at a satisfactory profit. 


DISCUSSION. Suites 


NOTE PREPARED AFTER READING DR. HART’S PAPER. 
Mr. Staley: The production, on a commercial basis, 

of potash from feldspar has long been one of the inter- 

esting problems of silicate chemistry. Following ate a 
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few of the methods that have been proposed. Naturally 
many of these are based on the J. Lawrence Smith method 
of decomposition of alkaline silicates. 

Methods for fusion of orthoclase with salt or lme 
separately were patented in England, by Tilghman, 1847; 
Newton, 1856; and Ward, 1857.1. More recently, Rodin has 
developed a process for heating orthoclase with a mixture 
of salt and lime. In this process, 100 parts of powdered 
orthoclase are mixed with 53 parts of slaked lime and 
40 parts of common salt. This mixture is heated for one 
hour at goo® C. The powder comes out of the furnace 
looking much as it went in but it is claimed that 80 per ~ 
cent. to 90 per cent. of the potash is converted into potas- 
sium chloride and can easily be leached out of the fritt.’ 
The objection to this process is that it produces a large 
bulk of by-product which is of little or no value. 

Spriller proposed, in 1882, to treat a mixture of ortho- 
clase and fluorspar or cryolite with H,SO,.* The products 
to be made were alum, calcium sulfate, finely divided 
silica and hydrofluosilicic acid. This method was soon 
shown, by Pemberton, to be too expensive. ‘* 

Blackmore has taken out a patent for separation of 
alkali salts from insoluble compounds by means of carbonic 
acid under pressure.® 

Cushman and Hubbard have found that fusion or 
fritting orthoclase with CaCl, will decompose the feldspar.*® 
In the same place these investigators suggest fusion of 
orthoclase with potash compounds. This is the method 
proposed by Dr. Hart in the paper now under discussion, 
but without the use of carbon. 

Cushman and Hubbard have published considerable 
data on the electrolysis of feldspar.’ 





1 Jour. Soc. Chem. Ind., Vol. XX, p. 440. 

2Ibid., Vol. XX, p. 439. 

3 Ibid., Vol. I, p. 128. 

4 Chemical News, XLVII, p. 5. 

5 U.S. Patent 772,206. See also Jour. Soc. Chem. Ind., Vol. XXIII, p. 1089. 

6 Jour. Amer, Chem. Soc., Vol. XXX, p. 795. 

7 Trans. Amer. Cer. Soc., Vol. VIII, pp. 180-198. Jour. Amer. Chem. Soc., Vol. XXX, 
pp. 779-797. 
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This later article contains a good discussion of most 
of the methods proposed for the decomposition of feld- 
spar for the production of potash salts.’ 

They have taken out patents on the electrolysis of 
feldspar in the presence of hydrofluoric acid. The material 
is electrolyzed in the anode chamber of diaphragm cells 
filled with an electrolyte containing hydrofluoric acid. 
The alkali is neutralized in the cathode chamber by an 
acid to form a salt.2. The alumina is also carried to the 
cathode “chamber? and /‘can® ibe precipitated. /--The! 1 S10, 
is left in the anode chamber as hydrated silicic acid. Only 
about one-tenth the amount of hydrofluoric acid necessary 
to decompose the feldspar according to stoichiometrical 
relations is needed. This is because the hydrofluoric acid is 
regenerated. The advantage claimed for this process 
is that no large amounts of by-products of little value are 
produced as the case in fusion methods. 

Swaze has obtained a patent® on the following tretlod: 
The feldspar is heated alone until amorphous. It is then 
heated under pressure with a strong solution of potassium 
hydroxide. A solution of potassium silicate and aluminate 
are. thus formed. It is proposed to -convért. these iby 
chemical treatment into potassium hydroxide, alum and 
fine silica. 

Dr. E. Collett, of Kristiania, proposes the following 
method.* 

-Feldspar is fused with caustic potash, leached with 
water, and carbonic acid is led into the leachings. The 
potassium carbonate formed is separated by evaporation 
and crystallization. 

The earthy mass left from the leaching process is 
treated with the calculated amount of nitric acid, whereby 
the potassium is converted into nitrate and goes into solu- 
tion. The residue is treated with sodium bisulfid to dis- 


1U.S. Dept. Agri., Office Pub. Roads, Bull. 28. 

2U. S. Patent 851,922. Also Jour. Amer. Chem. Soc., 1907, p. 2040. 
2 U.S. Patent 862,676, 1907. See also Chem. Abst., 1907, p. 3068. 

4 Seventh Internl. Congress of Applied Chem., Sec. II, p. 108. 
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solve any iron that may be present, then leached with 
water. The residue (alumina and silica) is heated, then 
treated with nitric acid. Alumina only, goes into solution. 
This is precipitated by ammonia. ‘The products resulting 
from this treatment are potassium nitrate, alumina and 
ammonium nitrate. 

In this process, no value seems to be attached to the 
finely divided silica, although it certainly would be as 
valuable for ceramic purposes as silica recovered from: a 
solution of sulfates. 

Mr. Hart: The trouble with the methods cited by 
Mr. Staley and other methods which have been proposed, 
but which he has not quoted, and which it is really un- 
necessary to quote, is that the materials or the operation 
cost too much money. This is true, for instance, of hy- 
drofluoric acid needed by Cushman and Hubbard and in 
addition to this, electric currént is needed: It is barely 
possible that Collett’s process might be satisfactory not- 
withstanding the cost of caustic potash, but I doubt very 
much whether the substances obtained would be pure. 
In all probability the silica separating would carry both 
alumina and potash. I am not even sure as yet that my 
own process, though exceedingly simple and satisfactory 
when working in the laboratory scale, can be made to work 
commercially in face of the German competition. 


SOME EFFECTS OF GYPSUM ON CLAY. 
By H. E. Kram. 


Lime may be present in a clay in a variety of forms 
of which the silicates, carbonates, and sulfates are per- 
haps the most common. 

In the process of breaking down of a rock which gives 
rise to clay, the greater part of the lime in silicate minerals 
would probably go towards the formation of calcium 
carbonates, and these, being fairly soluble, may be leached 
out and thus may not affect the clay at all. 

A smaller part of the lime may find its way into the 
clay as secondary calcium silicates, such as the micas, or 
even as primary minerals which have withstood the break- 
ing-down process. At best, the lime carried by these 
silicates would not be present in appreciable amounts, 
and the tracing of its effect upon a clay would indeed 
present a complicated problem. 

The behavior of lime when present in a clay as the 
carbonate, ‘‘calcite,’’ is fairly well known.! This mineral 
loses most of its carbon dioxide between 600°-725° C., and 
the lime thus liberated becomes an active flux, that is, 
it tends to produce vitrification. 

The degree of vitrification, which for all practical 
purposes may be considered as denoting the fluxing action 
of the lime, provided there are not other substances present 
which could act as a flux, can be traced by following the 
curve of porosity, of a clay-lime mixture which is exposed 
to a rising temperature. This relation, theoretically, 
should be an inverse function. A decrease of. porosity is 
caused by the fluxing action of the lime, which, when uniting 
with the clay substance, forms a fusible magma, and thus, 
by the filling of pore space or by the breaking down of pore 
walls, or both, tends to decrease the pore space. 

It is reasonable to assume that not all of the lime 
becomes available at some definite temperature nor even 
within a small range of temperature, but will cover a con- 
siderable range. While some of the lime may become 


1 See R. Rieke, Sprechsaal, 36 and 38, ’06; Bleininger and Moore, Trans. A. C.S., 
Vol. 10, p. 314 (Ed.). 
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available, acting as a flux upon the clay and thus tend 
to decrease porosity, the action of the still escaping gases 
would be in an opposite direction. Again, since the porosity 
determination depends upon the amount of water taken 
up, the vitrified mass, being, as a rule, impervious, may 
completely surround pore spaces and prevent the entering 
of the water. | 

From this it is obvious that porosity curves can only 
give an indication of the progress of vitrification and it 
becomes necessary to check, by other means, the results 
obtained. 

This can be done by making use of the specific gravity 
curve.’ 

Clay bodies lose in density upon vitrification. The 
variation of specific gravity should, therefore, indicate the 
degree of vitrification. 

This loss, the writer has found, is a small one as a rule 
and where whole bricks have to be tested, may lie within 
the range of error in the determination of the specific gravity, 
especially, if complicated apparatus is not available to make 
such determinations absolute. 

In the following experiments, the percentage loss- 
temperature curve is used to check the porosity. In mix- 
tures of clay and lime-carbonate or sulfate, there is a con- 
siderable amount of volatile matter. The fluctuations 
in percentage-loss, therefore, cover a considerable range, 
and a slight error due to manipulation does not cover up 
results. 

The experiments described in this paper were made 
with the object of determining, if possible, the behavior 
of lime when in the form of gypsum in a clay. While, 
as has been said, the action of lime when present in the 
form of a carbonate is well known, the action of lime in 
the form of gypsum has not been conclusively explained. 
It seems to act differently.’ 

The lime, it appears, is liberated at a higher tempera- 


1 See Purdy, Trans. A. C. S., Vol. X, p. 287. 
2 Ries, N. J. Geol. Survey, Vol. VI, p. 63, 1904. 
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ture. Experimental data showing just how it behaves, 
when present in variable amounts, have not been presented 
up, ito, the. present time.* 

The clay used in the experiments was the white- 
burning washed china clay from Cornwall, England. Under 
the microscope it showed, besides the dull white mass of 
the kaolin, some angular fragments of quartz. 

The gypsum was pure alabaster from Hillsboro, New 
Brunswick. It did not contain anhydrite which is so often 
found intergrown with gypsum. 

Analyses of clay and gypsum, made by the writer in 
the clay laboratory of Cornell University, gave the results as 
follows: . 
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I. Washed kaolin, Cornwall, England. Analyst, H. E. 
Kramm. 

Il. Theoretical kaolin given for comparison. 

III. Crystalline gypsum from Hillsboro, New Brunswick. 
Analyst, H. E. Kramm. 

In analyzing the gypsum, the amounts of CaO and H,0 
only were determined. The SO, was calculated to satisfy 
the lime. ; 

Two sets of experiments were performed. 





1 See Watts, Trans. A. C. S', Vol. X, p. 267 (Ed.). 
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SET I. 


The object of these experiments was to determine 
the effect and behavior of gypsum upon the clay at differ- 
ent temperatures with varying amounts of gypsum. 

Mixtures of the two substances were prepared from 
five per cent. of gypsum up to fifty per cent. differing by 
five per cent. in each succeeding mixture of gypsum and clay. 

Each of these was ground in a ball-mill with water. 
It was then poured into pans and the water gradually 
evaporated to a degree which permitted the molding of 
the mixture into bricks of size 3 : 1 : 3/4 inches. 

The bricks were air-dried and divided into sets con- 

taining all the mixtures, each mixture being represented. 
in each set by two bricks. After heating for several hours 
in an air bath at a temperature of about:110° C. to drive 
off all moisture, the bricks were weighed immediately after 
cooling. : 
In placing a set of bricks in the Seger furnace, which 
was used for the burning, care was taken to have the two. 
bricks containing the same mixture of gypsum and clay at. 
opposite ends of the crucible. If one of the bricks was. 
placed at the bottom, the other was placed at the top 
so as to neutralize the effects of any variation in tem- 
perature within the crucible, and assure uniform results. 

The heat was applied gradually for the first half-hour 
and was then slowly raised to about the heat of the cone to 
which the bricks were to be burned and left thus for several. 
hours. The heat was finally increased to the melting point 
of the cone. ‘The gas was turned off at the complete bending 
over of the cone, the whole operation of burning taking 
from 4 to 5 hours. ‘The furnace was allowed to cool grad-. 
ually. As soon as cooled, the bricks were taken out and. 
weighed. ‘The error of weighing throughout the experi-. 
ment was kept within a range of ten milligrams. 

The bricks were partially immersed in water to permit. 
the free escape of the air from their pores. After thus. 
soaking for 24 hours they were covered and allowed to 
stand for from 2.to73: days-— Ati the endyor tunic time «0c 
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water was brought to boiling to drive off as much of the 
air as possible. 

The bricks were then weighed first in air, and then 
suspended in water. From the data obtained the per- 
centage loss and per cent. porosity were calculated as 
follows: 


Percentage loss = a) 100 
W, 
Per cent. porosity = (aoe 100.! 
| Wwe 


Where 

W, represents the weight of the unburned brick; 

W, represents the weight in air of the burned brick; 

W, is the weight of the burned brick water-soaked ; 

W, is the weight of the burned brick suspended in water. 

Different sets of bricks were taken in burning to cones 
OLrO; O51 ald 344 \Liese sets were reburned to cones 5, 
Va Ouatds mosrespectively. 

The results obtained are given in tabulated form. 
Each result represents the average value obtained from 
two bricks which in every case agreed very closely with 
each other. 

For sake of comparison, the results are also shown 
plotted to scale, some of the porosity curves having been 
left out, so as to avoid confusion. 


Percentage-Loss at Different Temperatures. 








Gyp- Gyp- 
sum sum 
45% 50% 


, 3 
| Gyp- | Gyp- | Gyp-| Gyp- | Gyp- | Gyp- | Gyp- | Gyp- 

Cone | sum sum sum sum sum sum sum sun 
| . 5% 10% 15% | 20% | 25% 30% | 35% | 40% 
¥ | 


| maaan | ' 
o10|13.34|13-79|14.37|14.62 14.79 15 .36|16.02 16.22|17.72 18.18 
05|14.74|15.89 17.19|17.49|18.58 19.61|19.74 20.59|21.20|20.67 
115.04 £7 FS TOL O2 20.31\19.63 21.30|21.59|22.75|21.89 22 Ae 
3|15-70 18.24 20.61\23.12 23.37|24.07|25 -37|25-19|25-43 23.73 
5|15-75|18.52 21.25|23.90 26. 28|28 .92|30.42|31. 50 32 .85|31.67 
7\15.59|18.38|21 .24|23.91 26. 10/29. 49|32. 20 34.97 37 -15|39.26 
Q\15.65|18.45|21.30|24.01 26.57|29.55|32-19 35-27|38.65|39-73 
12 Not determined, due to fusion of 50 per cent. mixture. 












































1 See Trans. A. C. S., Vol. IX, p. 211 (Ed.). 
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Per cent. Porosity at Different Temperatures. 
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It is. but natural to expeet that the. percentage loss 
since it depends upon the loss of SO, would be in propor- 
tion to the gypsum content of the brick. A glance at the 
chart (Plate I), however, shows an overlapping of some 
of the curves, particularly in the case of the mixture con- 
taining 50 per cent. of gypsum. In all cases, the losses 
of the different samples are so close to each other that a 
slight error of manipulation can account for it; moreover, 
they tend to straighten out and become regular towards 
higher temperature points. 

A comparison of corresponding points along the two 
series of curves show interesting results. 

The curves start from cone o10, which is equivalent to 
g50° C. At this temperature, all water is driven off and 
the volatile matter remaining in bricks consists, therefore, 
of SO,. It is seen that the percentage loss is fairly regular, 
increasing with the gypsum content. 

The corresponding temperature point on the porosity 
curves shows all mixtures to be within a close range of 
porosity, between 48 per cent. and 50 per cent., although 
some overlapping of the curves takes place. 

A uniform increase of loss up to cone 05 is accompanied 
by a uniform decrease in porosity. Since this decrease 
is approximately proportional to the lime sulfate content, 
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it means that up to this point the lime, as soon as freed 
from its SO,, can act as a flux, causing vitrification. 

Between cone 05 and 1, the percentage-loss shows 
a gradual increase,in all the bricks. The corresponding 
temperature interval of the; porosity ‘chart, andicates a 
uniform decrease of porosity in all mixtures, up to 35 per 
cent. of gypsum. Bricks with greater gypsum content 
show an increase of porosity. 

With ‘the. higher percentages, the -amount ons. 
given off is a considerable one. The fluxing action of the 
lime can not keep pace with the evolution of the gas driven 
off, hence, greater porosity. This, however, could also 
be caused by the “blowing-up” effect’ of the escaping 
gases. | 

Between cone 1 and cone 5 the evolution of the gasisa 
rapid ones .All-the SO;tof4mictures (up to 225 >peracenu 
of gypsum, is practically driven off as indicated by the 
straightening out of the percentage-loss curves. Five 
and ten per cent. mixtures have lost all SO, at cone 3. 

The corresponding temperature interval of the porosity 
chart is marked by a rapid decrease of the curves repre- 
senting mixtures with low gypsum content. 

Bricks containing more than 20 per cent. of gypsum 
show an increase of porosity which becomes more pro- 
nounced as the gypsum content increases. 

From cone 5 to cone 9, the changes are less marked 
in the percentage-loss chart. The bricks with high gypsum 
content still lose some SO, and the tendency of all curves 
is toward constancy. 

The percentage loss at cone 12 could not be determined, 
due to the fusion of the bricks containing 50 per cent. 
gypsum and consequent spattering of the fused material 
onto other bricks. 

The porosity curves, on the other hand, show a con- 
siderable variation. Practically all of the SO, having been 
driven off, the fluxing action of the lime thus liberated is an 
active one. Itis seen, however, that the decrease of porosity 
has no relation to the gypsum content. Mixtures contain- 
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ing up to 20 per cent. of gypsum show a rapid decrease 
and at cone £2° are’ practically ‘vitrified. Mixtures from 
25 to 4o per cent. still show a high degree of porosity at 
cone 12, which increases regularly towards the 4o per 
cent. gypsum and mixture. 

The bricks containing 45 per cent. of gypsum again 
show a high degree of vitrification, while the 50 per cent. 
mixtures fused and were completely vitrified. 

To sum up: The percentage loss curves show an in- 
crease which is approximately proportional to the amount 
of gypsum the mixtures contain. The rate of evolution 
of SO, is a gradual one at lower temperatures and a pro- 
nounced one between cone 1 and 5. 

Comparing these results with the behavior of porosity 
or progress of vitrification, it is seen that the fluxing action 
of the lime is a variable one. While its progress seems to 
be fairly regular at lower temperatures, at higher tempera- 
tures a quantity of available CaO accumulates which does 
not affect the porosity curves. This seems to combine 
suddenly, causing dropping of the porosity curves. 

Furthermore the curves indicate one point of mini- 
mum fusion, at which the porosity even at cone 12 is quite 
high, and two points of maximum fusion which are, in all 
probability, eutectic points. 


SET II. 


While the foregoing deals with the behavior of the 
lime at different temperatures, the time of burning of the 
bricks being approximately the same at each temperature, 
the question has to be considered as to the effects of pro- 
longed burning, and as to what is the lowest tem- 
perature at which it would be possible to drive off the 50, 
and liberate the lime. 

To determine this, six sets of nine bricks each were 
prepared, the percentage of gypsum in them varying from 
zero to fifty per cent. with 10 per cent. differences between 
samples. The preparation of the bricks was done in the same 
manner as before, the size of the bricks being about that 
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of inch cubes. The bricks were air-dried and then burned 
in the Seger-furnace. The temperatures were recorded by 
means of a thermo-electric pyrometer. 


During the first burn, the bricks were kept for 8 hours 
at 790° C. When placed in water it was found that the 
mixture had not lost its plasticity, for the bricks slaked 
down, necessitating the molding of a new set. These 
were burned at a temperature of 950° C. The furnace 
was brought to this temperature and kept there for two hours. 
The test pieces were then removed and the loss in weight 
determined. The operation was repeated until, at the 
fifth burn, no more loss of weight occurred. 


In determining the porosity after the first burn, the 
bricks were partially immersed in water. It was found 
that, after standing, beautiful bundles of selenite crystals 
had formed on the projecting surfaces of all the gypsum 
mixtures: 

A possible explanation for this seems to be that the 
alkaline salts, which the analysis shows to be present in 
the clay, have combined with SO, forming alkaline sul- 
fates. 7 

In the heating of the bricks, the tendency of soluble 
salts would be to travel to the outer portion of the brick, 
causing ‘‘white wash.’’ The water in its passage through 
the brick, where, no doubt, uncombined CaO existed, 
dissolved part of it, and. the reaction of this water with 
the alkaline sulfates would give rise to secondary gypsum. 
The formation of crystals was not observed at any other 
stage of the burning. 

What the chemical nature of the mixtures is after 
the fifth burn, which showed no more loss (Plate IV), 
can only be surmised. On the one hand there is the possi- 
bility that sulfates have formed which are more stable 
at higher temperatures. On the other hand, it is possible 
that the heating effect is not the same in all parts of the 
brick, being naturally more intense near the surface and 
less intense towards the center. This difference may be 
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sufficient to permit only a portion of the gypsum to be 
broken up. 

The experiment was continued by subjecting the 
bricks to a higher temperature; two hours’ burning 
at 1110° C.,resulting in a small loss of weight, made repeti- 
tion necessary, until at the end of 4o hours’ exposure to 
this temperature constant weight was obtained. The 
results of these burnings are shown in the accompanying 
diagrams (Plates III and IV). : 

Plate III shows percentage-loss curves aii varying 
time. It is self-explanatory. 

The percentage of volatile matter in the bricks, when 
calculated from the analysis given in the preceding pages, 
show results as follows: 
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Comparing these values with the loss of the percentage- 
loss curves, it is seen that the loss falls somewhat short. 
To make sure that all SO, was driven off, the bricks were 
tested for sulfates by the silver-coin test, which failed to 
show traces of it. The error, which is only a slight one, 
lies, therefore, with the analyses. 

Plate IV shows, for comparison, the curves of porosity 
and percentage-loss of volume varying with time. They 
supplement each other. As the loss increases, the porosity 
increases and vice versa. Comparing the porosity curves 
with the curves of Plate III, it is again demonstrated that 
the fluxing action of the lime is an irregular one. With 
a fairly uniform and slow rate of loss and with constant 
temperature the loss is not always accompanied by a 
decrease of porosity. 
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CONCLUSIONS. 


In the preceding pages, the facts demonstrated are 
the following: 

(1) The gypsum-clay mixtures retain their plasticity 
to a temperature higher than was expected. In this case 
they were still plastic after 8 hours’ burning at 790° C. 

(2) The SO, of the gypsum is driven off gradually at 
temperatures up to cone 1. Beyond this point the evolu- 
tion of gas is very rapid and probably causes “‘blowing 
up,’ at least it suddenly increases the porosity. 

(3) All the 50, of the gypsum may be driven off at 
a temperature of about 1100° C. The evolution of gas being 
slow ate this ~tempetature,. the ~ driving, off,.’~, therefore, 
depends entirely upon the time of burning. It has also 
been shown that at 950° C. it is not possible to drive off 
all-SO..- Jhis maybe due. to the formation of chemical 
compounds which have a greater temperature resistance, 
or to unequal heating effects, the temperature towards 
the center of the brick being lower than that near the sur- 
TACce. 

(4) The lime when liberated acts as a flux but its 
fluxing action is eccentric. A comparison of the porosity 
and per cent.-loss curves shows that, at certain stages of 
the burn, a quantity of lime accumulates which does not 
affect the porosity curve until a certain point is reached; 
it then suddenly combines, causing vitrification. 

(5) The range of mixtures of gypsum and clay ex- 
perimented with exhibit at high temperatures one point 
of minimum fusion and two points of maximum fusion. 
The latter are probably eutectic points. 

The writer, in closing, wishes to express his obligation 
to Dr. Heinrich Ries, of Cornell University, under whose 
direction the experimental work was performed. 


NOTE ON “VITRIFICATION RANGE AND DIELECTRIC BE- 
HAVIOR OF SOME PORCELAINS.”’ 


By J. MINNEMAN, Barberton, O. 


A paper with this title, written by Bleininger and 
Stull,! was greeted with considerable interest by electrical — 
porcelain manufacturers, but unfortunately, the data on 
dielectric strength which they gave has proven of little 
value owing to the fact that the most important factor, 
the length of time of testing, was not considered, or at least 
it was not mentioned. 


It has been found that a given piece of porcelain 
will stand a high voltage for a few seconds, but will be 
punctured when subjected to a much lower voltage for 
a number of minutes. 


Recently, the writer tested a number of pieces of 
porcelain, under oil, bringing up the voltage as quickly 
as possible to the puncturing point. Then a number of 
similar pieces from the same lot were punctured, bringing 
up the voltage at the rate of 20 k.v. per minute, until the 
puncturing point was reached (about 70,000 volts). Upon 
comparing the results it was found that the pieces which 
punctured after a rapid increase of the voltage had stood 
a 25 per cent. higher voltage per mm. before puncturing 
than had those pieces which had been subjected to a lower 
voltage for a longer period of time. 


This fact is daily verified in every high voltage porce- 
lain plant. In the routine commercial tests, each type of 
insulator is tested to a given voltage for a given length of 
time.. For example, 100 "pieces will be placed, on the 
testing rack and tested for a total time of five minutes; 
immediately, one or two pieces may puncture, owing to 
cracks or flaws, but others will stand up for several minutes 
and then, puncture: often, pieces, are seen to puncture: just 
before the test is completed, having stood the voltage for 
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almost five minutes before going down. It is owing to this 
that an exceedingly high factor of safety must be used in 
testing. 

What the action or nature of this ‘‘fatigue’’ may be 
is not definitely known, but would bear some investiga- 
tion. | 

It is evident, however, that results, not based on the 
average of a large number of pieces or in which no con- 
sideration of this time factor is taken, will be of little 
value. This may account for the wide disparity of the 
“puncture volts per mm.’’ obtained by Messrs. Bleininger 
and Stull. Even though the tests were made in approxi- 
mately the same length of time, it is impossible for any 
other investigator to check such results, not knowing this 
time. 


KILN FLUE REGULATION ACCORDING TO SOME VENTILA- 
TION FORMULAE. 


By Dwicut T. FARNHAM, Seattle, Wash. 


There are numberless rules of thumb by means of 
which kiln builders regulate the size and number of the 
secondary flues in a kiln bottom. These run anywhere 
from the practical formula of an old mason who, while 
putting in a circle flue in a sewer pipe kiln was asked how 
he told how big to make the openings left in the top of this 
flue, replied. that he)-made- each pone’ a ‘little ssmaller 
as he went toward the stack, and if the last one was so small 
he couldn’t see it, he went back and “‘chipped each one 
out a bit,’’ to the kiln burner’s rule of building every flue 
with twice the area of all the flues that emptied into it. 
This last has its good points until you come to the stack 
which is likely to be a monstrosity. The mason had the 
right idea too, but both rules are rather vague and are 
likely to develop peculiarities when applied in certain 
cases. 

In this discussion the writer intends to keep strictly 
away from kilns whose interior draft is regulated by means 
of innumerable exterior dampers. This includes all sorts 
of kilns with multiple stacks located on the walls or on 
the crowns and all kilns whose main flue to the stack 
is divided into several parts, each one of which draws 
from a limited floor section, and is regulated by a separate 
damper. Very fine results can be obtained from such 
kilns, but with a clay whose vitrification range is narrow 
and where you are burning about six hours ahead of your 
settle it requires extraordinary intelligence on the part of 
the burners to handle the large number of dampers to the 
best advantage.’ 





1 A case of this sort would be as follows: If a section is ‘‘high’’ at 6 A.M., you fire it 
heavy until 9 A.m., then fire lighter until noon when that section evens up with the rest 
of the kiln; whereas, if you had continued to fire heavy until noon, the section would 
have kept on settling, would have been ahead of the rest, and you could have kept up 
the see-saw indefinitely. 
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The type of kiln we are considering is designed with 
the idea of being automatic in its regulation; that is, once 
it is regulated. so that it burns evenly when judicially fired 
and the ware in all parts of the kiln settles evenly, it 
can be left alone as far as regulation is concerned. The 
regulation in this type of kiln is done after the kiln 
is burned off, and should be easily effected. The head 
burner can himself then make any slight change in 
the secondary flue openings which he deems necessary 
after inspecting the burned ware. On a large yard where 
there are a million and a half brick burning ata time, he 
can more efficiently regulate the kilns at this time. Under 
these circumstances, efficient regulation would be a prob- 
lem did it have to be attended to during the burn. Kiln 
regulation is a delicate matter and should be under the 
supervision of a man of high intelligence. The more 
the work can be concentrated the better will be the results. 


DESCRIPTION OF THE KILN TO BE REGULATED. 


The kiln we have under consideration is a kiln used 
to burn paving brick. The inside length. is 148. feet, the 
width between flash walls 16 feet, giving a total floor 
area of 2,368 square feet. The details of construction 
necessary to an adequate understanding of the follow- 
ing subject matter are shown in the accompanying photo- 
graphs. The main flue which extends through the center 
of the kiln from end to end is 36 inches wide and 36 inches to 
the spring of the crown which has arise of roinches. ‘This is 
equivalent to a rectangle 36 x 41 inches and has an area of 
1,584 square inches. Outside the kiln wall, this main flue 
empties into larger flues which lead to the large stacks, 
4 x 4 feet inside, located at either end of the kiln. Mid- 
way of the kiln and built upon its hub are two small stacks, 
2 x 2 feet inside, at whose bases are located flues of equal 
size leading from the main flue. Opening into the main 
flue are 248 secondary flues which are merely the spaces 
left between the feather walls. The openings from be- 
tween these walls into the main flue were originally 5 


t 
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inches. by. 16.5 inches. On top of these feather walls 
are. laid the floor brick—in this case pavers held an inch 
apart by wads of.clay so that each opening is 1 x 5 inches. 
There were originally 2,850 of these openings in the floor 
of. the kiln. . Nine of these kilns are being operated at the 
present time and a tenth is in the course of construction. 
They have a holding capacity of 300,000 standard 
paving brick and a daily output of 11,500 brick each. 





Plate I.—Excavation about half finished. 


As stated before, all the secondary flue openings 
were 16.5 by 5 inches. Some effort had been made to 
offset’ the’ hardér pull néar’ the large, stacks by more, or 
less empirically blocking off sections of the floor near the 
doors, otherwise the burners relied upon the handling of 
the damper and the method of firing for control. 
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The writer had been making ‘some study: of the be- 
havior of air in ducts in connection with a drier and it 
seemed as if the laws so carefully worked out by the Venti- 
lation and Blower Engineers might be employed to ad- 
vantage in regulating the ducts in a kiln bottom. A 
number of these laws were discussed briefly last year in 


a paper on ‘‘Dryer Engineering.’’ ‘These laws are taken 
up in detail in Carpenter’s ‘“‘Heating and Ventilation of 
Buildings.’’ This book also contains a good equalization 


table and a diagram showing the dimensions of circular - 
pipes equivalent in capacity to various rectangular pipes. 
Both of these tables are time savers. 


REGULATION FORMULAE. 


The formulae applied to the problem in kiln flue regu- . 
lation under discussion were as follows: 





pag ein 
ee) ae 
N 72(a +b) 


To find the diameter of a round pipe d which shall 


be equivalent in carrying capacity to a rectangular pipe 
- with dimensions a and b: 


Cet (s)" 


D = Diameter large pipe or main 
d = Diameter small pipe or branches 
N = Number of small pipe which will take air from 


large pipe to best advantage. 


Diver eatiesm acy 2 (ier 0) XT. 


The resistance varies as the extent of the rubbing 
surface or the perimeter of the airway multiplied by its 
length. 
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~~ 


APPLICATION OF THE FORMULAE. 


The first formula is used to reduce the various square 
flues to their equivalent circles. The second is used to find out 
how many secondary flues the main flue will take care 
of—or how many floor openings, as the case may be. 
The third is used in a general way to illustrate the necessity 
of having the secondary flue openings smaller as the stack 
is approached. As the length of the main flue to be trav- 

















Plate IJ.—Wheel scraper used in excavation. 


ersed diminishes, the perimeters of the openings from the 
secondary flues must diminish in order to offset the decrease 
151 at 

The writer wishes to state that these laws, especially 
the last one, are applied roughly, as certain obvious con- 
structional difficulties and practical considerations make 
an exact application inadvisable. 
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Looking at view 8, it will be observed that each 
kiln has four stacks—a large one at each end into which 
the ends of the main flue empty, a small one on each 
side connected with the main flue by short flues at right 
angles to it. Each large stack is four feet square inside. 
Each small stack is two feet square inside. For con- 
venience, we will consider one-half the kiln bottom at a 
time, drawing our line at right angles to the main flue in 








Plate II11.—Foundation nearly completed, shows location of main flue. 


such a manner as to bisect the small stacks. This gives 
us a main flue 74 feet long having a stack four feet square 
at one end, and one half of two stacks, each two feet square, 
or the equivalent of one stack two feet square at the other. 


APPORTIONING THE MAIN FLUE. 


It is evident that the large stack, if of the same height 
as the small stack, will take care of more than half of the 
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main flue. The proportion of the main flue which should 
be tributary to each stack is found as follows: 

Large stack diameter is 4 feet or 48 inches which is 
equal in carrying capacity to a circle whose diameter 
is 54 inches (see Formula I or use Carpenter’s Equivalent 
Curve). 

Small stack diameter is 2 feet or 24 inches which 
is equal in carrying capacity to a circle whose diameter 
is’ 26 inches (as: above). 





, Plate 1V.—Main flue complete, showing openings into secondary flues. 


Turning to our Equalization Table or by applying 
Formula II, we find that a circular main whose diameter 
is 54 inches will equal in carrying capacity 6.2 circular 
branches whose diameter is 26 inches. In other words, 
our ratio is 1 to 6 and the large stack will take care of 
five-sixths of the main flue and the small stacks will take 
care of one-sixth. 
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Notge.—Calculations of this sort are very often based 
on the relative areas of ducts. to be compared. This is 
incorrect. Areas are not used in the above nor in the 
computations to follow. If we had used areas in the above 
our calculation would have been as follows: 





Plate V.—Main flue, feather wall partly in place. 


Areas large: stack, 16 square feet. 

Area small stack, 4 square feet. 

16 divided by 4 gives a ratio of 1 to 4, which misses the 
truth by about fifty per cent. 


DETERMINATION OF THE NUMBER OF SECONDARY FLUE 
OPENINGS. 

In the half-kiln bottom which we are considering 
there are sixty-two openings between the feather walls 
shown in views 6 and 7 which we will call secondary flues. 
The opening from these flues into the main flue are shown 
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in view ‘4 and there are’64 of them on ‘each: side cof: the 
main flue in* the shalt kiln?) *dherefore; using? our ratio 
as determined above we find that 5/6, or 52, of these second- 
ary flues are tributary to’ the large stackyand 4 /6,08 16°01 
them, are tributary to the small stacks. 


DETERMINATION OF THE SIZES OF THE SECONDARY FLUE 
OPENINGS. 

Having determined the number of openings: which 

the large stack should take care of, it now becomes necessary 

to determine the size of these openings. Formula III tells 





Plate VI.—View of feather walls and the secondary flues between them. 


us that the “‘Resistance varies as the extent of the rubbing 
surface, or the perimeter of the air-way, multiplied by its 
length.’? The main flue is the. same. size throughout its 
length so we may consider its perimeter constant. The 
length, however, varies; that is, the gases have to traverse 
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lowarereatervor less degreetine* leneth ol’ the main’ fue, 
in proportion to the opening’s remoteness from, or nearness 
to; =the stack) “Gases fron a” furnace’ ‘close’ to the stack 
pass downward through the ware, through the floor openings 
in the secondary flues and then through the main flue 
openings into the main flue, having only a small portion 
of the main’ flue to traverse before reaching the stack. 
hiwthe weases sare: venerated mila tirace /filty.feet. away 
they encounter the same resistance wnti! they reach the 





Plate VII.—Feather walls complete ready for the floor brick. 


main flue.-.Then they have to. travel fifty feet further, 
all the while being retarded by the friction of the walls 
of the main flue. 

It is clear that some arrangement must be made to 
offset this if an equal pull from each furnace and an equal 
burn or equal settle on the part of the ware in all parts 
of the kiln is to be obtained. 


716 KILN FLUE REGULATION. 


The method adopted by the writer was that of varying 
the size of the openings into the main flue, increasing 
their size as they became more remote from the stack. 

In this way a small quantity of air under a compara- 
tively high pressure is admitted to the main flue close 
to the stack where the pull (unreduced by the frictional 
resistance of the main duct) is greatest and a larger quantity 
of air at a comparatively low pressure is admitted to the 





Plate VIII.—Kiln complete—150 feet long—holds 300,000 paving brick. 


flue fifty feet or so away from the stack where the pull 
is less:. In: this wayjithe “umber .of :cubicifeetoreaingor 
gas per minute (the area times the velocity) entering 
the main flue through the openings throughout its length 
is the same, and the cubic feet of air, or gas, per minute 
passing downward through each portion of the kiln is 
the same. This tends to make an even burn more easily 
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obtainable. Also the quantity (cubic feet per minute) 
of air being drawn through each grate is uniform. This 
is very essential when there are fifty fire-holes on each 
side of a kiln. 


Theoretically, each opening into the main flue should 
be slightly larger than the previous one, increasing in 
proportion to its remoteness from the stack. This would 
be difficult if not impractical from a constructional stand- 
point, however. 3 


THE PRACTICAL APPLICATION. 


View 4 shows the main flue in process of construction. 
The feather walls have not been put in and the openings 
are seen as originally constructed, being the width of a 
Dekh y tremtineknessy of Six’*brick or. 5 inches by!1.6.5 
inches. When it became evident that these openings 
should be decreased as they approached the stack it was 
found easiest, from a constructional standpoint, to block 
off each hole by placing two or three brick across 
the top of the opening, cutting notches in the supporting 
piers to take the ends of the brick. 


To exactly graduate the openings it would have 
been necessary to cut the brick, so inserted, a different 
thickness for each hole. We felt that such exactness 
would amount to rather expensive hairsplitting so the 
openings were graduated by groups, one brick being in- 
serted in the top of, say ten openings, two bricks in the 
next and so on. This method was found to be exact 
enough for all practical purposes. 


Inasmuch as we have determined that the size of 
the openings should. gradually increase as they become 
more remote from the stack, we have now to determine 
just how large each opening or group of openings shall 
be. It is evident that the sum of the carrying power of 
all the openings should equal the carrying power of the 
main flue. 
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CALCULATIONS. 


Here is a case for the application of Formula II. 
The main flue is equivalent to a rectangle 36 x 41 inches. 
Putting this through Formula I, we find the main flue is 
equal to a circle whose diameter is 42.298 inches. 


The width of all the openings into the main flue is 
s inches. We call this “a” in Formula J1.0 67siswthe 
other dimension of the opening. If the opening, as shown 
in view 4, is all closed up except one brick, we have what 
we will’ term, for convenience sake, one prick .0ue,) or 
an opening into the main flue 5 inches by 2.75 inches. 
This represents ‘‘b’’ in this particular case. 


“Two brick out’? gives us an opening 5 x 5.5 inches, 
three brick 5 x 8 inches, four brick 5 x 11 inches, five brick 
5 x 14 inches and six brick out an opening 5 x 16 inches. 

Ifct‘a@’' sis 45 inches andy .b7 182.275 tnches atheroper- 
ings we find (by Formula I) are equal in carrying power 
to a circular opening having a diameter of 4.048 inches. 
Using Formula II, we find that the main flue (D = 42.298 
inches) will equal in carrying power 352.84 such openings. 
Each one of these openings represents, furthermore, 0.28 
per cent. of the carrying capacity of the main flue (1 divided 
by2352:9): 

Each opening, ‘‘two brick out,’ “three brick out,”’ etc., 
is considered in the same manner which results in the 
following table: 























Dinhekeese Nuniper el Percent- 

: ‘ ; ‘ : openingsof thi h 

Size of opening \ | 6dimensions | eau Cee size eat ana oe ae 

| CIPCIe OF will take, or N|the whole 

| 

“One brick Out, ae Peis 4.048” 352.84 0.28 
wo DRCK GUL” eu 55 5-774" 145.20 0.69 
‘Three brick out’... S507 6.928” 92.10 1.08 
“Rour brick out”.... PIO, 8.045” 63" 37 1.58 
‘Five brick out’’..... 14.07 8.984” 48.10 2.08 
4 9.673" 39.987 2.50 





‘Sixt brick oul hisses. 16.5 
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In figuring any kiln, it is necessary to work out a 
similar table based on the size of the main flue in question. 

Having determined how many holes of any size the 
main flue will properly take,it becomes necessary to de- 
termine how many of each size we shall have in order to 
graduate the holes properly as they approach the stack. 
In other words, we must determine what combination of 
holes will give us our necessary graduation and still allow 
theysumi7 ols the percentages to.equal) roo. per -cent.,..or ‘the 
carrying capacity of the main flue. This is necessarily — 
for constructional reasons—a more or less arbitrary selec- 
tion. In this particular case the following selection was 
made: | 


Openings into Portion of Main Flue Tributary to Large Stack. 




















Number of Number of | 
openings openings |Number of | Percentage 
one side both sides |‘brick out’’| of openings 
of flue of flue | 
BE TEER etn Nene ere 4. 6 | 10.0 
Ge, ae we eee Acad ate 6 2 | 4sLA 
Bib ee nities eles 8 3 | 8.64 
een a ern renee 10 4 15.80 
Gasetp ire he co NG peat 12 5 24.96 
CPR Stan de cto seal tera 12 6 | 30.00 
Total 26 | 5 | 93.00 








It will be observed thaf only half the number of holes 
previously mentioned in the description of this kiln are 
left open. In order to bring the total percentage under 
100 per cent. and still graduate properly, it was found 
necessary to block off every other opening. Theoretically, 
this is correct, and one of the kilns when regulated in this 
way gave splendid results. It was found, however, that 
in most cases it was better to allow a little more than 
100 per cent. opening to allow for stoppages occasioned 
by an accumulation of sand, brick dust, etc. We will not 
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go into all that however, or into the variations it was found 
necessary to make in this to meet conditions in slightly 
were adapted to 
meet the conditions in thirty and thirty-four foot round 


different kilns. 


kilns with equal success. 


The same principles 


The portion of the main flue tributary to the small 
stacks was handled in the same way, the following tables 


being worked out: 


PRELIMINARY CALCULATIONS. 


26.4 


5”, etc.—same as portion leading to large stack. 





Size of opening 





“Two brick out” 
“Three brick out”’ 
“Four brick out” 
“Bive brick out” 





Sete es a 




















veg, Diameter) Namvet of | percentage 
b dimen- jof equiva- this size each one is 
sions |lent circle main flue of the whole 
ot “d will take . 
iene SRO) 39 25 
8.0 FEO, 2 | pie 
PIO 370! 19 | Sid 
14:0 QF 0 14 | Apes 
16.5 9.6” it | 9.0 














“Six brick out’’ 


From this, the following arrangement is worked out: 


Openings into Portion of Main Flue Tributary to Small Stacks. 




















Number of 
Number of openings openings | Numberof Percentage 
one side of flue both sides |‘‘brick out” of openings 
of flue 
Ar sap Nets of. reece ed tee 8 3 29.6 
TOE MME S GABLE POR DIY Some 8 4 41.6 
N lari me SRE ici, ahmed PCR Cd 2 5 142 
Ta atin oh rade ene ea ot eae 2 6 18.0 
20 


Total 10 
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FLOOR REGULATION. 


When the flues are properly regulated there is not 
so much necessity of regulating the openings in the floor. 
The number and size of floor openings is a question much 
discussed, especially by the so-called ‘‘dead bottom’’ ad- 
vocates. We assumed that properly regulated flues made 
the bottom regulation unnecessary. We tried, however, 
cutting down the number of openings by cross-setting 
the bottom brick in such a way as to block off about half 
the floor opening. In some of the kilns about half the 
floor openings were plugged until the actual floor opening 
equaled the theoretical. This was found to be very 
beneficial. The only difficulty is that unless a very com- 
plicated system is adopted, no allowance is made for the 
nearness. (6, or remoteness’ from, the stack. The same 
formulae are used as in the case of the floor regulation, and, 
for the Long kilns, figures out as follows: 


CALCULATIONS. 

Square feet of, floor taken care of by N flue 

(leading to one large stack). Deans 983 
Number of openings in floor, 1 bys: 5 ne tre ane 

TOP Gee CU Chih) ee ne Yur a le BRED 
Diameter main flue or: D: Pie iiged Su uee A220 87 
Diameter floor opening or ae a 2 es 
Number of d’s D will best mee care a or oer, pales 5o Ki 


If we block up half the openings we fl have 1425 
or a trifle more than the number theoretically correct. 
The same method is applied to the portion of the 
floor tributary to the small stacks, the diameter of one 
small stack being taken as d as follows: 
quate feet of floor taken care of by mn flue 


(leading to one small stack).. wane: 201 
Number of openings in floor 1, by. 5 ere nee toe 

fore regulation) . er GUA, ee Oa asain SR IDURL) 
Diameter Masel main eae or ioe aoe al FiO ad Ber 
Diameter floor opening, or d.. Baa ae 


Number of d’s D will best res care a or Ny ASS 
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If we block up half the openings we will not have 
enough, so, theoretically, we should block off about every 
fifth opening. 

THE RESULT. 


This system of regulation was applied, with more 
or less modification to suit conditions, to twenty-one kilns 
having five distinct types of bottoms. An average of the 
three burns made on:each kiln immediately following the 
regulation showed an increase in first-quality pavers of 
8.7. per cent. The redtiction™in amount of codleucscapis 
noticeable, and the burning is held more nearly to schedule. 
The regulation, we feel, has, on the whole, more than 
justined <itselt 


A STUDY IN UNDERGLAZE COLORS WITH VIEW OF 
DETERMINING THE MOST INSOLUBLE AND NON- 
VOLATILE UNDERGLAZE COLOR 
COMPOSITION. * 


By Ear, T. MONTGOMERY. 


OBJECT OF THE INVESTIGATION. 


The object of this investigation was to determine 
the most insoluble and non-volatile underglaze color 
fritt composition. Of the literature on this subject I be- 
lieve we only have Roesler’s statement, quoted by Seger, 
that a compound of the spinel composition is the most 
resistent to the dissolving action of the glaze. The spinel 
proper is MgO.Al,O;. Seger advised the compounding of 
underglaze colors, wherever possible, according to the 
spinel formula: either a metallic monoxide with the sesqui- 
oxide of alumina, or a metallic monoxide with a metallic 
sesquioxide. The work here was undertaken to verify 
this. 


SCOPE OF THE RESEARCH. 


In order to cover the field as systematically as possible, 
it was decided to compound the oxides, and wherever 
desirable, the phosphates of the six most commonly used 
metals, with four inert or refractory elements in five dif- 
ferent proportions, one being according to the spinel 
formula and with two proportions above and two propor- 
tions below the spinel. These color fritts were to be 
calcined at a high heat, ground and washed, then compounded, 
with 20 per cent., by weight, of the glaze to be used over 
them, and then fired under glaze and on biscuit under two 
conditions, the first being the American practice of high 
biscuit and low glost, and the second being the European 
practice of low biscuit and high glost. 





1 See article by Edward C. Storer, p. 115, Vol. V, Trans. A. C. S., on investigation 
quite similar to this.—Editor. 
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SCHEME OF COMPOUNDING AND SYSTEM OF MARKING. 


Six oxides and three phosphates were used, designated 
by letter from A to J inclusive. Four refractory elements 
or substances were used, designated by the Roman numerals 
I to IV inclusive; and the five proportions between color- 
ing oxide, or phosphate, and the refractory substances, 
by the Arabic numerals 1 to 5 inclusive, as follows: 


refractory substance (1) 
refractory substance (2) 
refractory substance (3) 
refractory substance (4) 
refractory substance (5) 


(o.50 eqv. 
O. |0-75 eqv. 
{1.00 eqv. 
| 1.25 eqv. 
[1.50 eqv. 


T.0 RK 


The following table, No. 1, gives the list of oxides or phos- 
phates used, their designating letter and their chemical © 
formula. ‘Table No. 2 gives the list of refractory substances 
used and the data for each as in Table No. 1. 








Letter: 


Table No. 1. Metallic Oxides and Phosphates. 





























Coloring oxide or phosphate Formula 
INCE Pee Rial Chromium oxide Cru: 
‘Bae Chromium phosphate Ce(POn: 
5 a: Cobalt oxide CoO 
Tics ee hee hee Cobalt phosphate Co.(PO or s2 GEO) 
I DV UGE ae eR Copper oxide CuO 
Hee Ferric oxide Fe,0; 
Ge! Ferric phosphate He, (PO;), 58,0) 
Heep sige ens sey ae Manganese oxide MnO, 
Leet eee Uranium oxide (yellow) Na,U;0,.4:°6¢H.O) 
| Table No. 2. Inert or Refractory Substances. 
Number Substance Formula 
I gh caeirBl Ay eee | Aluminium oxide ALO; 
Ts Sena Silica SiO, 
TLD Ne eae Aluminium phosphate Al,(PO;), 
TERS a Kaolin 





Al,O,.2Si0,.2H,O 
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In order to make this plan of compounding more 
comprehensive, the following table of actual weights is 
given for chromium oxide, as an example. 


———s = aoe =f eee o ae oe es a aes — 
































f I 2 3 ie 5 
: | 152 CroO3 152 Cr2O3 152 CreO3 152 Cr2O3 152 CroO3 
ba 51 Al,O3 76.5 Al,03 102 AleO3 127.5 Al,03 153 Al,O3 
l Z 2a, Z eT ie 
| (7 *i Reel ase 
| : | 152 CroO3 152 CroO3 152 CroO3 1§2 Cr2oO3 152 CreOx 
I 
ie 30 SiO, 45 SiO» 60 SiO» 75 SiO» 90 SiO, 
< 3 
| 152 CreO3 1§2 Cro03 152 Cr20z 152 Cr2O3 152 CroO3 
Tay, 
122 Alg(PO4)2 183 Ala(PO4)2 244 Alo(PO4)2 305 Alo(PO4)2 366 Alo( PO,)> 
| t a Bt Nee E 
| 
| 152 Cr2Oz 152 CrzO3 152 Cr2Oz 152 Cr2O3 152 CroO3 
IV 
cai 


129 Kaolin 193.5 Kaolin 258 Kaolin 322.5 Kaolin 387 Kaolin 





As a final distinguishing mark, the letters F and R 
are added, to designate the type of glaze used over the 
given trial and incidentally the biscuit and glost heat 
treatment of that trial. An example would be thus: 
A—I—1—F and A—I—i1—R. F stands for fritted glaze 
and, therefore, for the American practice of high biscuit 
and low glost. R stands for raw porcelain glaze and, 
therefore, for the European practice of low biscuit and 
high glost. As each trial piece was dipped only half over 
with glaze, the effect on biscuit and underglaze is, of course, 
given on the same trial and no mark is needed to designate 


the two conditions. 


The Body and Glazes Used. 


The body used for the trial pieces was a good low feld- 
spar porcelain, of the following composition: 
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Ene Mballclay arse arte ete 15.0% 
Eagichinarcla yas. aie see ee 2520 
PLC et ie ae ae eae Rote lee ee ee 43.5 
Heldspat: 7-4) sone eae Bee ae 15.0 
Magnesium: carbonate... aes ee 1.5 
100.0 


It was quite translucent. 

The trials were jiggered discs of about 3.5 inches 
fired diameter. This shape was decided on so that the 
colors could be put on in concentric rings, on a whirler, 
by means of a soft brush. Half of the trials were biscuited 
at cone 10 for the hard biscuit, and half at cone o5 for the 
soft biscuit. 

The fritted glaze used for the high biscuit and low glost 
trials was the glaze given by Mr. Earnest Mayer in Vol. 
I, ‘Trans. A.. CS. <as follows: 


0.0640 K,O 
0.1920 Na,O 
0.4903 CaO 
0.2534 PbO 


nes Al,O, 
{ 2.8070 SiO, 
epee BO, | 


‘The trials over which this glaze was used were fired in the 
glost burn to cone 02, this being the heat at which the 
glaze matured in the test kiln. 

The raw porcelain glaze used for the low biscuit and 
high glost trials was the following typical porcelain glaze: 


O73,K,0) 


.4 Al,O. L825 HOS 
bors Cant ie 509) 13 Aye 


The trials over which this glaze was used were fired in the 
glost burn to cone 12. 


Preparation of the Colors. 


The color fritts were thoroughly wet-ground in an 
agate mortar. They were then dried and calcined at 
cone 10 in covered, biscuit-porcelain crucibles. The cal- 
cined color fritts were finely ground, thoroughly washed 
with water, dried, compounded with 20 per cent., by weight, 
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of the glaze, and again intimately wet-ground. The colors 
were then ready for use. 

Using 9 coloring oxides or phosphates, and each being 
compounded in 20 different proportions with a refractory 
substance, give 180 color fritts which were prepared and 
calcined. All of the color fritts, which stood the calcining 
heat of cone 10 without fusing or becoming too hard for use as 
colors, were prepared as given above and applied as follows: 

The five combinations of each color with each one 
of the refractory substances were applied in five concentric 
circles on a hard biscuit disc for the low glost burn and also 
Oia sore Misctit disc. tor the high glost burn. ~One trial 
would then be marked thus: A—I—1 to 5—F, and the 
other: A—I—1 to 5—R, the numerals 1, 2, 3, 4 and 5, reading 
on the trial from the outside circle of color to the central one. 


SUMMARY OF RESULTS. 


Statement of Condition of Color Fritts after Calcining at Cone ro. 














Mark Condition of fritt Color 
A I—1to5 Fine soft powder. | Bright light green. 
A II—r to 5 Soitpowder. Little | Bright light green. 
harder than A-I. 
As TT ——1 to25 Soft sintered powder. Rich dark green. 
Harder from 1 toward | 
te 


A IV—r to’5 Hard cake. Scratches Light green. 
with difficulty with 




















«| i knife, 
B I—1to5 | Fairly hard cake. Dark buish green. 
B II—r1to5 |. Sintered powder. Much Bright dark green. 
softer than B-I. Softer 
1 toward 5. 
ell to.s Hard vitreous globules. Dark green. 
iE te bos Hard vitreous crackled Light grass-green. 
cake. 
C- I—1t0 5 Soft sintered cake. Softer Fine navy-blue. 
110.5; 
C II—r1to5 Hard sintered cake. Salmon-pink. 
C IlI—1 to 5 Hard vitreous fusion. Rich purple. 
C IV—1 to.5 Hard vitreous crackled Bluish gun-metal color. 
| cake. 
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Statement of Condition of Color Fritts after Calcining at Cone 10 (Contenued). 





Condition of fritt 





























Mark Color 
D  I—1 to'5 Hard vitreous bubbled | Deep purple. 
fusion to hard crackled 
cake. 
D  II—1 to 5 Hard crackled cake to Old rose. 
hard sintered cake. 
Softer than D-r. 
D IJI—1 to 5 Hard vitreous globules. Purple. 
D IV—1to5 Hard vitreous fusion. Gun metal. 
Bir Flr itos Hard sintered crackled Metallic gray. 
cake. 
HL erste <5 Hard vitreous fusion to Greenish gray. 
hard sintered cake. 
E Ili—1 to 5 Hard vitreous fusion. Metallic gray (crystallized). 
EYE 1 t0rs Hard vitreous crackled Greenish gray. 
cake. : 
Petia tos Hard vitreous cake to Reddish brown. 
| soft sintered cake. 
F li--1to 5 | Hard vitreous fusion to Purplish brown. 
hard crackled cake. 
F III—1 to 5 | Hard vitreous fusion. Metallic gray (crystallized). — 
F ITV—1 to 5 | Hard vitreous globules. Greenish black. 
Gal oes | Hard vitreous cake to Reddish brown. 
fairly hard crackled 
| os CAKE, 
G II—1 to5 | Hard vitreous fusion. Reddish brown. 
Galli 171055 | Hard vitreous fusion. | Greenish brown. 
G IV—1to5 | Hard vitreous fusion. | Brown. 
H I-1to5 | Hard crackled cake to Brown. 
| sintered cake. : 
Hi its Hard vitreous fusion. Brownish gray. 
Ht Iii tors Hard vitreous fusion to Light brown. 
bubbled fusion. 
H IV—1 to 5 Hard vitreous fusion to Dirty dark brown. 
hard. crackled cake. 
ET 5 Hard sintered cake. Yellowish gray. 
Softer 1 to 5. 
J) el toss Hard vitreous globules. | Yellowish gray. 
Joti ietors Hard vitreous globules. Yellowish green. 


J VIVA tors 





“Hard crackled cake. 





Yellowish black. 
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RESULTS OF THE GLOST BURNS. 


Series A.—None of these colors flowed under the 
glaze at either heat. No volatilization was noticeable. 
Fine green colors. 

Series B.—None of. these colors, which gave workable 
eolor iritts, flowed! under tie glaze -at either heat.*° No 
volatilization was noticeable. Fine green colors. 

Series C.—C-I and C-II, which gave workable color 
fritts, showed some tendency to flow at both heats. No 
volatilization was noticeable. Fine dark blue colors. 

Series D.—D-I and D-II, which gave workable color 
fritts, did not flow at either heat. No volatilization was 
noticeable. Fine dark blue colors. 

Series E.—E-I and E-II, which gave workable color 
fritts, gave a flowed green at the low heat and a black color 
widely disseminated through the glaze at the high heat. 
Volatilization was noticeable. 

Series F.—F-I and F-II, which gave workable color 
ifitts, did not’ ow at either heat)’ Volatilization not 
noticeable. Good yellow at low heat and a dark brown 
‘color at the high heat. 

Series G.—G-I, which was a workable color fritt, 
did not flow at either heat. Volatilization not noticeable. 
Good brown color. 

Series H.—H-I, which was a workable color fritt, 
did not blow at either heat. Volatilization noticeable at 
high heat but not at low. Typical manganese-brown at 
both heats but very light at high heat, due to volatiliza- 
tion. 

Series J.—J-—I; which was a workable color fritt, did 
not flow at either heat. No volatilization noticeable but 
color was not good. Grayish yellow-brown. 


DISCUSSION OF DATA AND RESULTS. 
In regard to the relative merits of the four refractory 
substances used to produce insoluble and non-volatile 
color fritts, we see that, in most all cases, Al,O, is the best 
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refractory. An exception is noted in case of the phosphates 
of the metals, in which cases, SiO, gives the most refractory 
color fritt and the most insoluble color. Where the color 
itself 1s refractory, as in the case of Cr,O.,7anyeotetie ae. 
fractories can be used. In many cases, good workable 
color fritts were obtained with both Al,O, and SiO,. The 
most refractory color fritts gave, in all cases, the most 
insoluble colors. 

No distinction could be made, in the appearance of 
the color, between the mixtures made in the five different 
proportions of the refractory substance and colorant. 
‘The workable color fritts appeared to be equally insoluble 
and equal in shade of color for all of the proportions used. 
This being true, it is possible in some cases_to get a more 
refractory color fritt by. going above-the spinel ratio) im 
compounding the fritt. 

Volatilization of a color seems to be a function of 
the given coloring oxide or phosphate and is not much 
affected by compounding and calcining with a refractory 
substance. Of course, in this study, this statement could 
not be proven quantitatively and is only given as a sug- 
gestion. 

As a, general rule; the, oxides) of: the metals: seemi-to 
give the most insoluble and best working colors. An ex- 
ception was noted in the case of cobalt where the phos- 
phate gave the most insoluble color. 

Color fritts calcined at cone ten seem to stand either 
heat treatment equally well in the glost burn, without 
being affected in regard to solubility. 

In closing, the writer desires to express his deep ap- 
preciation of the many helpful suggestions given during 
the progress of the work by Prof. A. V. Bleininger, Director 
of the Department of Ceramic Engineering, University 
of Illinois, and of the granting of the necessary funds of 
the department. 


THE EFFECT OF FELDSPAR ON KAOLIN IN BURNING. ' 
By JOSEPH KEELE, Ottawa, Ont. 


The following experiments were undertaken to show 
the effect of addition of feldspar to a china clay, when 
burned at different temperatures within the range used 
in pottery bodies. 

The feldspar was added in varying amounts and also. 
in different sizes of grains. 

The materials used were the washed kaolin, known 
as English china clay, and microcline feldspar from the 
Villeneuve mine, Province. of Quebec. The chemical 
composition of each of these is given below. 


Analysis of the Materials Used. 











Kaolin Feldspar 











SiO asi tere eee ta 46.46 SLO hag Bae aan Oia ae 62.76 
AO trite iy oye poh eek er hee 38.86 Al,O, 20.40 
He OR ase cent 0.58 1 Rak Mage wet Se ee A Re 0.05 
bo VERON ORs SAS ae AS trace 

ITC) She ee eae ak trace NLC OMA cr som om ches aobag 0.36 
ROWS Eris ce a eget alte coe 0.00 CAO) Pere Cae yea oz 0.40 
UU rah a alba Ree ke 3 UR T2327 jG lig Tis Ry ROME NAIR Cae? 58 13.38 
aE ON sed IRENA Bs ok 0.63 | INAS Ger ametciv a ieee ead Hye 2.69 
PO Bars cays ee eae es L341 LENO ea Br eae oe kw ee 0.40 
LOT «34 100. 44 





Test pieces of the feldspar, ground to pass a 100-mesh 
sieve; and burned to cone 7, had a glassy appearance, 
with granular structure, but were not deformed. When 
burned to cone g, the test pieces were melted to a glass. 

The feldspar was prepared by grinding it in a jaw 
crusher, and then sifting the ground material through a 
Bet Ol .Sie vied: 

Six different sizes of grains were used as follows: 





1 See E. Berdel, Sprechsaal, No’s 5, 6, 18-24, 1904; Dr. Simonies, Sprechsaal, No. 29, 
1907 (Ed.). 
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40 mesh: through 40-mesh sieve, held on 60-mesh: 
60 mesh: through 60-mesh sieve, held on 80 mesh 
80 mesh: through 80-mesh sieve, held on 100 mesh 
100 mesh: through r1oo-mesh sieve, held on 150 mesh 
150 mesh: through 150-mesh sieve, held on 200 mesh 
200 mesh: through 200-mesh sieve, held on ... mesh 


Am BW 


The sifting was repeated to secure as perfect a separa- 
tion as possible of the various sized grains. 


Mixtures of the kaolin with 10, 20, 30 and 4o per cent. 
respectively of each size feldspar grains were prepared. 
These were then mixed with distilled water to the proper 
consistency and moulded into bricklets 4” x 1” x 3/6”. 


After drying and weighing the green test pieces, 
they were saturated in kerosene, and their volume deter- 
mined in a Seger volumeter. 


All the bricklets were burned to cone oro in 12 hours 
in an oil kiln. 
The subsequent burnings were all done in a Seger 
gas-fired ‘“‘rund-ofen,’”’ the time varying from three hours 
for cone 05 to eight hours for cone 12. 


The same bricklets were carried through from the 
green state to each successive temperature. 


Measurements of volume, dry and saturated weight 
were made after each burning, from which the porosity 
and volumetric shrinkage were calculated by the following 
formula: 


Per cent. porosity = 


in which W = dry weight, 
W’ = saturated weight, 
V = volume. 
: VV’ 
Per cent. volumetric shrinkage = Mea ie 
where V = volume of dry green brick, 
V’ = volume after burn in question. 
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40 | 40 31.00 | 34.50 31.70 | 274455) |.23 65; 19-60) 10795 | ° 4.796 
20 '33563 37.30 | 30.95 | 28.55 | 25-40] 21.70| 14.40] 9.33 
20°| 86), 66) 40. 00n|,37.. P5 \232.00 | 30:00.) 25.40) .1845 ) 14.27 
__| 10 | 39-50 | 43.00 | 40.00 | 35-70 | 32-35 | 30.50 | 23.00 | 18.65 
60 40 | 83.08. 1.35,. 5On|- 32.007) 27 +35.) 24-107, 19..05 |. 9.70) 4.05 
ZOU ZA. 000) 6374.3 b> 30.40 1. 28580025635) 2015") 15.10! 18.93 
2071237. 75139250 | 30 40) 34..00)| 29.50) 24525 | 19.25.) 11.75 
beh 139.200] A855 039 5073 5 TO) 52507 75 24.00 | eaS 
80 | 40 | 32.70 35550 | 31.00 | Pe IO 22,05 | E5075. LO Ae all (6.236 
30 | 35.00 | 36.80 | 32.90.| 27.80 | 23.30 | 19-35 | 14.45]. 9.46 
2038 451) 30.752) 30.95 34.10 | 20106) |.26.70 |,'17;).60:) 10050 
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LOd) 29. 20,425 70 38.15 | 54285 | 32725025 -30)| 22.95. | 
L50 | 40 1 33.40 1136.85 | 21-60 919.110 |. 10,50)" 9.30) 5.30 
30 | 35.00 | 38.80 | 31.70 | 26.30 | 23.00 | 15-10] II.50 
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LOW) BOLOrt Aa BOW 3O Es 32225 30-35 | 25-10 | 21.00 




















_ 








= 





200 | 40 | 35.10 | 38.60 | 22.65 | 18.50 | 14.80 | 6.00| 0.00 
30 | 36.45 | 40.00 | 28.80 | 20.50 | 15.80 E3205 |) 440 
BOP 30205) PALS 557133200) |) 20..45, 123-70. 21-90) 10. 50 
10 | 41.10 43.80 | 26.70 | 33.15 | 28-25 27.08 (17.20 | 

Kaolin | 41.00 | 44.20 | 43.50 | 39 .00 | 35-93 | 30 30 29.44 | 24.42 

















NU O0OOlNnO0 DOA of H| 
fe) 
o) 














| 











When the feldspar-kaolin mixtures were first heated 
they became more porous until the temperature of cone 05 
was reached. The increased porosity of the bodies at 
this temperature is probably due to dehydration or ex- 
pulsion of water from hydrous clay minerals. When the 
period of dehydration is complete, all of the mixtures, 
as well as the pure kaolin body, become denser in burning until 
at cone 1 they are as dense, or more so, than they were in the 
greenstate. Fromcones1 to 12 they show a regular increase 
in density as each successively higher temperature is reached. 
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The results of the porosity tests are given in Table 
I, and are also shown graphically in the diagram, Figs. 
1 to 6. Though there are some irregularities, due to ex- 
perimental errors, the porosity curves of each group are 
fairly consistent with one another. 

It becomes evident, as burning progressed, that 
cavities were forming in the body of the bricklets which 
were not accessible to water, so that the results given are 
not the true, but the apparent porosities. 

Table II. Kaolin-Feldspar Mixtures, Per cent. Volumetric Shrinkage 
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In general, the porosity increases rather uniformly 
with decrease of feldspar. There is also a decrease in po- 
rosity with the use of finer grained feldspar. 

Owing to the difficulty of obtaining uniform sized 
grains of feldspar for the different mixtures, the effect 
of size of grain on porosity is not very pronounced until 
two mixtures containing rather widely separated sizes of 
feldspar grains are compared. 

Feldspar which was coarser in grain than 150-mesh, 
did not give a vitrified body in any of the mixtures at 
any temperature reached in the experiments. As was 
expected, vitrification seems to proceed more rapidly 
and approach completion earlier in the mixtures which 
contained the finest grained feldspar. 

The results for volumetric shrinkage, Table II, 
are rather erratic, the coarser grained mixtures showing 
the most irregularity. The development of gas bubbles 
in the body might account for swelling at points where 
contraction was ordinarily expected to occur. 

In the mixtures containing the coarser grained feld- 
spar, the shrinkage becomes greater as the amount of feld- 
spar used becomes less, the feldspar in this case acting 
somewhat like sand in an ordinary clay body. In the 
two mixtures containing the finest feldspar, the tendency 
toward higher shrinkage seems to accompany an increase 
in feldspar, being the reverse of the action of the coarse grains. 

That a decided fluxing action begins at low tem- 
peratures is shown by the decrease in porosity of all the 
mixtures between cones 05 and 1, the decrease being 
particularly pronounced in 150- and 200-mesh feldspar 
mixtures (Figs. 5 and 6). 

Recent experiments have shown that the potash-rich 
feldspar do not have a definite melting point as metals do. 

Fusion tests made on finely powdered microcline 
in the geological laboratory of the Carnegie Institution! 





Day, A. Li, and. Allen, H> 1., “The Isomorphism and Thermal Properties of the 
Feldspars,”’ Publ. No. 31, Carnegie Inst. of Washington, 1905, pp. 13 to 15, also Am. Jour. 
Sci., 4th Ser., Vol. 19, pp. 93-144, 1905. 
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showed that at 1,000° C. traces of sintering were evident: 
at 1,075° the powder had formed a solid cake; at 1150° 
this cake had softened somewhat; and at 1,300° C. it had 
become a viscous liquid which could be drawn out into 
glassy threads. In most of the determinations, com- 
plete fusion of feldspar has taken place in a dry state at 
temperatures below Seger cone No. 9 which fuses at about 
E380 Ore eos te 

Concerning the behavior of clays below 1000° C., J. M. 
Knote’ suggests that ‘‘on dehydration, kaolinite or clay 
substance breaks down into two silicates, one rich in alumina, 
and the other rich in silica. These silicates are readily 
attacked by reagents. At about 950° C. a pronounced 
. change takes place, the exact nature of which is still un- 
certain. If Al,O;.25i0, is formed at this temperature, 
it becomes unstable as the temperature advances and 
is decomposed by the action of fluxes, with the formation 
of a basic and an acid silicate. If no combination of silicates 
takes place at 950° C. and the change is due to the forma- 
tion of isomeric compounds, it is not so easy to explain 
the phenomena so often pointed out.”’ 

Two materials may begin to react and gradually 
flux together at temperatures below the melting point 
of either. Messrs. Heath and Mellor? have shown that 
finely ground feldspar, softening at 1150° C., begins to re- 
act with finely ground quartz and china clay below 1000° 
as indicated by the presence of glassy patches in mixtures 
which have been heated to this temperature. 

As the higher temperatures are reached in burning, 
the nature of the fluxing action appears to be an elabora- 
tion of the initial stages: As soon as there are evidences 
of fusion of the feldspar grains, they become surrounded 
with rims of molten solution of china clay. There is 
also a tendency for the molten feldspar rims to increase 


. ! Knote, J. M., ‘Some Chemical and Physical Changes in Clays Due to the Influence 
of Heat,’’ Am. Cer. Soc., Vol. XII. 


? Arthur Heath and J. W. Mellor, ‘The Action of Heat on Binary Mixtures of Felds- 
par Flint, and China Clay,” Trans. Eng. Cer. Soc., Vol. VII, pp. 80-100. 
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the surface tension of the clay particles in their neighbor- 
hood, drawing particles together, thus causing a decreased 
porosity and increased shrinkage. 


Under the influence of severe heating, all clay wares 
develop a somewhat crystalline structure. In the feldspar 
china clay reactions, crystals of minerals resembling silli- 
manite (AI,SiO;) are formed. Beyond this nothing has 
been observed, as either the point to which pottery bodies 
are carried in practice or the rapid rate of cooling do not 
admit of other crystals being formed. 


Quoting from the writers last referred to, regarding 
their examination of microscopic sections made from china 
clay feldspar bodies after burning to different temperatures: 
“This enabled us to watch the zone of vitrification 
at the surfaces of contact between the bright fragments of 
crystalline feldspar and the china clay. It is interesting 
to observe the gradual progress of the reaction between the 
feldspar and china clay. ‘This is brought out by the changes 
in the outlines of the fragments of feldspar which are in 
focus. At the higher temperatures, the surfaces of the 
feldspar in contact with the china clay were much eroded; 
part of the feldspar seems to be ‘sucked up’ by the clay 
and part seems to form a glassy mass with clay. At 1200° 
the feldspar had nearly disappeared and crystals of silli- 
manite began to appear.” 


The action then that goes on in the heated body 
appears to be the gradual absorption of kaolin by the 
molten feldspar. The fine grinding evidently facilitates 
and accelerates the absorbing capacity of the feldspar, 
as it exposes a greater surface for reaction with the clay 
particles. 


The coarse grains of feldspar are isolated in the clay 
matrix and only come into contact with and absorb a 
limited number of clay particles, so that quite a portion 
of the clay in the bodies did not become affected by the 
feldspar at all, which explains the lack of vitrification 
in bodies containing 40- to roo-mesh feldspar. 
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Referring to the diagrams (Figs. 1 and 6) it is seen 
that 20 per cent. of 200-mesh feldspar causes the same 
amount of vitrification as 40 per cent. of 40-mesh. 

In pottery bodies, the feldspar is the constituent 
relied on to cement the ingredients together at high tem- 
peratures. If present in coarse grains it will have to flow 
to fill the various pores, and reach the grains of quartz 
and clay that itis to cement together, but if finely ground, it 
will merely have to soften in position. 

It follows, then, that the finely ground feldspar re- 
quires less time to mature a pottery body, that such a 
body does not approach so near to fusion, and that the 
tendency to bending and warping is much reduced. 

Time appears to have an effect on the amount of 
vitrification that feldspar will produce in a clay body at 
various temperatures. It was found that in burning some 
of the specimens for a more prolonged period at cone 9, 
the porosity was reduced. from 1 to 3 per cent. It seems 
very probable that if a sufficient length of time were allowed 
at the temperature of cone 5, that a degree of vitrification 
would be arrived at equivalent to that at cone 9g in these 
experiments. To illustrate the effect of time on vitrifi- 
cation, the curves in Fig. 7 were plotted from tables of 
figures for porosity published in Messrs. Heath and Mellor’s 
paper, using the same scale as Figs. 1 to 6. 

The materials used are almost identical in both cases, 
but it will be seen that their porosities for corresponding 
mixtures and temperatures are lower. These experiments 
were conducted in pottery ovens, and the greater time 
occupied by the test pieces in these ovens above those 
burned for short periods in gas kilns would account for 
this difference. 

These experiments were planned under the direction of 
Professor H. Ries and carried out in the Geological Labora- 
tory of Cornell University at Ithaca. 


SOME PRACTICAL OBSERVATIONS IN THE DRYING OF 
TERRA COTTA. 


By Wo. J. STEPHANI. 


The following observations were made in the factory. 
For these records we took two pieces of ashlar and three 
pieces of dental moulding. All the pieces were made by 
the same man and from the same mix of clay. When turned 
from the mould they were all true in shape. They were 
dried on a slat floor drier, commonly known as a pan 
drier. 

The only difference in the drying treatment given 
these pieces was in the rate at which the shrinkage water 
was expelled. This was done to determine the effect on 
the warping of these large pieces, of rushing the early 
stages of the drying. 

The data given in the following tables are not those 
of shrinkage. They are in terms of 1/100 of an inch, and 
represent the amount which the pieces were out of align- 
ment at the points indicated on the diagrams in Fig. 1 
and Plate No. 1. Measurements were made at different 
periods of the drying and then, finally, the lowest point 
of each piece, when dry, was taken as zero and all measure- 
ments figured from this point. 


THE ASHLAR PIECES. 


Seven points were taken on each of the two pieces: 
four corners, centers of two sides, and center of pieces as 
shown in Fig. 1. 

Lowest point of the piece, when dry, was called zero 
and all measurements were figured from this point. 

In both cases, greatest difference existed between 
different points at the end of- twenty-four hours’ drying 
on account of edges and corners of pieces drying first. 
Twelve hours later this difference had been greatly reduced 
and the pieces, when dry, were nearly uniform. 

Both pieces, after 24 hours’ drying, had taken 65 
per cent. of their total drying shrinkage, especially No. 
1, which only varied in center of the piece by 3/100 inch 
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from the corners and edges. In No. 2, somewhat different 
results were obtained, the corners (Nos. 1 and 3) going 
farthest in drying, while 5 and 7 apparently were held up 
by the center and point No. 6. 

Result of piece No. 1:° Normal and not unusual 
in general practice, while in No. 2 we have greater varia- 
‘tion due, probably, to the more rapid drying for the first 
24 hours, which is shown by the difference in all measure- 
ments on the two samples at the end of this period. It is 
clearly evident from the test that the strain caused in No. 


TRANS.AM.CER.30c. Vel. XMM STEPHAN 
7. 6 Gy 


/ a 3 
Fig. /. 


2 by rapid drying was too great to overcome, and the piece 
was never able to get back into the true form. 

The data obtained on these two pieces of ashlar are 
given in the following tables: 


Sample No. 1. 
Mohlar, 270" 4x 123" x 4” thiek, 


Topographical survey of the surface, giving the rise of various points in the surface, 
from an assumed datum plane (zero). Heights given in hundredths of an inch. 








Point number 


oO 


























At end of 24 hours’ drying.......... | 5 
At end of 36-hours’ drying. ......... 2 
Atend-of. 48 hours, drying... 2 3.5% 3 











Observations ended at 48 hours—piece white dry. 
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Sample No. 2. 


Ashlat2o Gia 4x al thick. 


Topographical survey of surface. 








Point number 



































Attend Of 24hours, dryines cc...) Cal Obese Dero | 8 | 20 12 
At end of 36 hours’ drying....... Page> Os) Eg) OF UES 8 
At end of 48 hours’ drying....... | O | 23 -O | IO | 6 | 15 6 





Observations ended at 48 hours-piece white dry. 


Conclusions.—In this method, two days are required for 
drying this piece. Therefore, nothing is gained by rushing in 
the early stages, that is, when the clay is getting rid of its 
pore shrinkage. By rushing at this time a strain is created, 
due to uneven drying, from which the piece never recovers. 


THE DENTAL MOULDINGS. 


The shape and size of the dental mouldings are 
shown in Plate No. I. : 

The data obtained in each case are shown in the follow- 
ing tables: 


Sample No. 3. 
At end of 
PRNOUronemany wee OTA )..r2 7H Ont Bo Deto:. D4 Y.U. 14 
BO mours dt yin werh On tah O. £0 Oo 6 (Bere Dos EUs 12 
Mstnours ny iver aeON1a-6L On 811. OF; 6° Bs Disa. De 3) "E.U.°8 
Govbours divine b.O. 10, 1.0). 6° BIS (3° B.D 6") D.- 0. Tie: 8 
Doors Grit Ot On bO. ter wl. 3B. Deore Up 2) "LU.. 6 
Observations ended at 72 hours — piece white dry. 
Sample No. 4. 
At end of 
Snore. Ceying gai. Oet 2s eh Our? EO 6: B.Dy-25 D6). T.U. 20 
Roulguiccrnying Gun On toe i Onto ul Ol 6. 7B Derg sD. 5) wT Urs 
POL yin eo Ontos tl Oro BO: 3) B.D. 12 D3 EU. 12 
BORO Oty ieee nose lO). 8.08.0. 0 | B.D. 6 - Dea. T.U. 28 
PoenoMccNOLy ite ee Oana eB Ls 4.4 B.D 3-sDiodsUa8 


Observations ended at 72 hours—piece white dry. 
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Sample No. 5. 
At end of 
24 hours’ drying? BO. 19° 1.04127 FO. 12.2 Be eo. BU ar 
36. hours’: drying... 5 °B.O. 77. 1.0.12 F.OS16 4B. U s19 pe eG) aucers 
48 hours’ drying: ..°B.0.112) T:Ofto, £017 6:78 Dare iG tev are 
60 ‘hours’ drying... B.O:5%0. T:O8 48.5.0. lo 4B. Dean: gael U 10 
7> hours’ drying... BIO!”.6" D.Oc 16. Fl 42 B.D 3 Omelet eG 


Observations ended at 72 hours—piece white dry. 


In sample ‘No. 3; the ‘lne. “xX varied "an, vertical 
direction but very little from a straight line, at any time. 
At the last observation it deflected 4/100 of an inch upward 
at the middle. 

In Samples No. 4 and No. 5, the line “‘X”’ varied 
practically none vertically from a straight line. 

At the end of 24 hours’ drying the pieces had obtained 
2/3 of their total shrinkage, in the next 12 hours they ob- 
tained 1/4 of their total shrinkage, and all had ceased 
shrinking at the end of 48 hours of drying. 

The ends getting their shrinkage earlier, caused the 
pieces to bulge in all directions—up in the center and out 
at the sides. As the drying progressed this bulging de- 
creased but in most cases the lines did not come back 
absolutely true, while the face in each case came back and 
even went below a perfectly true line. 

Such pieces as these must be dried slowly or the drying 
of the ends retarded. 


THE CLAY DEPOSITS OF WASHINGTON. : 
By S$. GE&IJSBEEK, Portland, Ore. 


’ 


The ‘“‘Evergreen State,’’ as Washington is called, has 
been little known so far as its clay-working industries are 
concerned. The value of its clay products has increased 
to such an extent, however, that the clay-working industry 
forms, at present, an important part in the development 
of the state resources, and a general description of the 
clay deposits of the state should materially help the future 
development of the industry in this particular line. 

The value of the clay products manufactured in 1899 
was $591,277 and in 1909, $3,060,468, which is an increase 
of 418 per cent. in ten years. In 1908 the total value 
was $2,104,289, and the increase for the one year was 
over 745 (pem cent: a, W hile the, clay, industry is still in ats 
infancy, it has made, therefore, some remarkable strides, 
and to-day nearly every kind of clay product, with the ex- 
ception of the finer classes of pottery ware, is manufactured 
in the state: 

The statistics compiled by the United States Geological 
Survey of the clay products manufactured in the state of 
Washington during the year 1910 are not available at the 
present writing, but for 1909 they are as follows: 


Brick: 
(yore: aa Cay a eas eres ae See Le NR $1,081,579 
AUG eg Eye Bie oll co ORES eal A eR gS : 
COME Vara ree ct wal te cpt nals sos tee: 155,600 
LAS wee a aes AUN hk Sed Ree a ee 103,531 
Draintile “9.45, ss 02% Sedat. ties Toke 18,495 
WEWEL PID te foun ts ae aeons oie 737,847 
Architectural terra -cotta.......... 206,324 


1 Since the writer handed the title of the above article into the American 
Ceramic Society, a book entitled ‘‘The Clays of the State of Washington,” by Solon 
Shedd, Assistant State Geologist and Professor of Geology of the State College of Wash— 
ington, at Pullman, has appeared. Prof. Shedd’s book uses, in some instances, the same 
data which I had gathered for use in my article, and presumably from the same sources. 
However, in view of the fact thatI have had the matter in preparation for a long time, 
and have prepared the article without opportunity to know what Prof. Shedd was doing, 
I have decided to allow the same to be published, notwithstanding the appearance of the 
treatment of the same subject by Prof. Shedd. 
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Brick: 
Fire proofing..... PPE CGT Reus 71,067 
Pottery: Red earthenware........ =. -.-.- ; 
Stone wares ei oo wee ea oe eet ee een } 
Miscellaneous: o> Mast eae «ere an 686,043 


Total ivalue )..hex $3,060,486 


There were 143,189,000 common brick manufactured 
and the average price per M. was $7.55; the amount of 
vitrified brick manufactured is not given, but the average 
price was $18.72 per M. 7,802,000 front and face brick were 
manufactured and the average price per M. was $19.94. 

The number of operating firms reporting to the U. 5. 
Geological Survey and included in these statistics was 65, 
while in 1908 it was 67. The state ranks twelfth in the 
list of states as to the total value of production. 


GEOLOGY. 

The geology of the state has been studied only to a 
very limited extent, and as far as can be judged from 
the information at hand, some sections have not been in- 
vestigated at all. 

The geological formation of the state is varied, and 
while the greater part belongs to the younger ages, rocks 
of the Archean Age are found in some localities. 

Granites of the Archean Age are found in the Mica 
Mountains, south of Spokane, and in several other places 
in Eastern Washington. The largest beds of decomposed 
granites are found in the clay deposits of Mica, the clays 
being used in the making of firebrick, face brick and 
sewer pipe. 

Some granites are also found in the hills around Clayton, 
north of Spokane, belonging, no doubt, to the same forma- 
tion as the mica deposits. The residual clays here are 
stratified in various colors and are of various thickness. 

Granites are also found in the Olympic Mountains, 
but as yet no residual clays have been found here. 





1 Included in ‘‘Miscellaneous.’’ 
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Some of the clays found along the western slope of 
the Cascade Mountains belong to the Cretaceous formation, 
but the majority of the other clay deposits, which are now 
being worked, are of the Tertiary or post-Tertiary forma- 
tions. In some parts of this slope, and especially in the 
Mount Rainier district, the volcanic action has greatly 
disarranged the formation, and partly calcined these clay 
CENOsIis as wl Omsitistance, jain taylor, Clay City and La- 
grande, and only in a few places have these clays retained 
their original plasticity as on the Green River, and Sumas 
District. 

The shales which are being worked at present are 
mostly found in the post-Tertiary formation. In some 
localities, the shales are overlapped by the glacial forma- 
tion, as is well illustrated in the clay bank of the Ballard 
Brick Co., of Seattle, and of the Everett Brick Co., of Everett. 
Several shale banks have been opened and are now being 
worked permanently; others have been prospected, but 
as they are usually located away from rail and transporta- 
tion facilities, they are not at present worked. 

In Eastern Washington, we find a lava formation which 
has practically covered the whole section. In some sec- 
tions this lava formation is decomposed and is used for 
the making of brick. It varies greatly in thickness and 
texture. Along the streams it is greatly more decomposed 
than in the high terrace lands, and as the country along 
the streams is more settled than the inlands, the majority 
of the brickyards are located along the streams. 

The glacial formations are very widely distributed 
and are being worked extensively. All the clays used in 
the making of common brick in the Puget Sound section 
belong to thisformation. These clays are characteristically 
‘of a blue color and are commonly called ‘‘Blue Clays” or 
“Ditie wiatdet ol ee Oo wite toe the Tact (that.thése clays 
are more or less intermixed with gravel and other foreign 
substances, they have never given very satisfactory results 
in the manufacturing of such products as drain and parti- 
tion tile. . 
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GENERAL LOCATIONS OF CLAY DEPOSITS. 


To describe the deposits we will divide the state into 
two sections, Eastern and Western Washington, of which 
the Cascade Mountain range is the dividing line. Each 
section will be divided again into districts. 

Western Washington has at present a larger percentage 
of clay-working establishments than Eastern Washington. 
More clays of the better class, however, are found in Eastern 
Washington, and ultimately the eastern part of the state 
will have the larger clay-working industries. 


WESTERN WASHINGTON. 


Northern District.—The northern district is situated 
in the northwestern part of the state and extends from 
the international boundary on the north to the King 
County line on the south and from the Strait of Georgia 
and the Puget Sound on the west to the summit of the 
Cascades on the east and embraces the counties of Whatcom, 
Skagit, Snohomish, San Juan and Island. 

Glacial clays are found in the western part of this 
district, while Tertiary clays form the deposits of the eastern. 
part. The common glacial brick clays are worked near 
Bellingham and Everett. They are free from gravel 
and produce a good grade of common brick. The Miller 
Bros., of Bellingham, are operating on the outskirts of 
Bellingham, while the Day Clay Co. is located some distance 
from town. Both banks show the same glacial blue clay 
formation. 

The Bellingham Brick and Tile Co. is operating a 
clays bank) jat Alger,. twelve miles “south “or Bellingham. 
This bank has a large amount of surface clay overlying 
the blue clay, both being used in the making of common. 
brick. The Snohomish Brick Co., of Snohomish, is using 
a blue glacial clay. 

There are two brickyards in Everett. . The Schafer 
Brick Co. is operating on a clay which is part shale and 
part blue clay. This blue glacial clay; near ~ Kyverett, 
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has also been used on a very small scale in the making 
of flower pots. 

Shales are found near Baker, on the Baker River, 
at Concrete, on the Skagit River, and at Monroe, on the 
Snohomish River. At the first two named places these 
shales are used for cement manufacturing only, while clay 
at Monroe is not being worked. 

Several good deposits of shale are found on the islands 
in the Strait of Georgia, but they have never been worked 
to any extent. Common brick was at one time made on 
Orcas Island. 

Blue glacial formations of clay are found along the 
shores of Whidbey Island in the Puget Sound, while shales 
and an intermixture of shales and blue clay are found 
inland on this island. None of these deposits have been 
worked. _ 

Large deposits of the better grade of clays are found 
near Sumas on the international boundary line. These 
clays belong to the Sumas formation and are a part of 
the Sumas Mountain range. These clays extend well 
into British Columbia, in fact, the greater part of the clays 
so far found are on the north side of the boundary line.. 
They are worked extensively at Clayburn, B. C., near the 
Frazir River. ‘They are used there for the manufacturing 
of buff, gray and red face brick and firebrick. 

The Sumas Firebrick Co. has worked some clays 
found near Sumas. ‘The color of these clays, when burned, 
ranges from a yellow-buff to a white. The fire clays found 
here have shown excellent fire-resisting qualities. 

Western District.—This district embraces the counties. 
of Clallam, Jefferson, Chehalis, Kitsap, Mason and Thurston, 
starting with the Strait of Juan de Fuca on the north, 
the county lines of Pacific and Lewis Counties on the south, 
the Pacific Ocean on the west and the Puget Sound and the 
Pierce County line on the east. 

While this section has a large territory, it has not been 
investigated to any extent, and very few clays have been 
found and worked except along the shore lines of the Puget 
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Sound. The common brick clays are all of glacial forma- 
tion. The Harper Hill Brick Co., of Harper, is operating 
a very large clay bank at Harper. The clay is of glacial 
formation and quite free from foreign substances. The 
clay here has been worked very extensively for years 
in the making of common brick. 

The Port Orchard Brick Co. is working the same 
. blue glacial formation for common brick. Some bricks 
have been made by Charles George, of Port Angeles, from 
these glacial clays. 

There are several deposits located in Thurston county 
but so far only those at Olympia have been worked or used 
for the making of any clay products, and here common 
brick were made. 

The Olympic Mountains belong to the older ages, 
and, no doubt, valuable deposits of the better grade of 
clays will be found in their foothills. Some shales have 
been mined with coal at Clallam Bay, but this clay has 
not as yet been used in manufacture of brick. 

Southern District.—Bounded by the western district 
on the north, the Columbia River to the south, the Pacific 
Ocean on the west, and the Cascade range on the east, 
the southern district embraces the counties of Pacific, 
Wahkiakum, Lewis, Cowlitz, Clark and Skamania. This 
district promises to be a very large clay-working field. 
Most of the clays so far found in this district are either 
shales or red-burning plastic clays of the Tertiary Age. 

Lewis County has several deposits of good clay, which 
have been opened up toa very large extent. The Little 
Falls Fire Clay Co., of Tacoma, is operating a large deposit 
of clay at Sopenah, near the Cowlitz River, where they 
have their sewer pipe plant. The clay is found in pockets, 
and varies in color from red to yellow and white. In some 
places the clay shows a distinct decomposed boulder forma- 
tion. ‘These clays are mixed and used for the manufacture 
of sewer pipe, drain tile and partition tile. 

The Chehalis Brick and Tile Co. is using a shale clay 
found in the hillside close to the plant. They are manu- 
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facturing common brick and drain tile. This shale is also 
found in connection with coal. 

The two brickyards which are located in Centralia 
are both using surface clays, making a fair common brick. 
There are several localities in Lewis County in which good 
clays have been found, and ultimately they will be worked. 
Near Napavine, on the Northern Pacific, is found a very 
plastic clay, which burns from red buff to yellow. There 
are several more deposits located in this same locality. 

Along the Columbia River, in Clark County, one very 
large deposit is being worked at Image, four miles east 
of Vancouver, by the Diamond Brick Co., of Portland. 
There are several indications of good clay in the southern 
part of this county. There are several brickyards located 
in and around Vancouver which are making common brick 
from the river deposits in the low lands. 

Eastern District.—This district contains the counties 
of King and Pierce, and furnishes the largest amount of 
clay-working industries in the whole state. Nearly all 
of the brickyards are using blue glacial clays. The Hill 
Brick Co., the Builders Brick Co. and the Seattle Brick 
and Tile Co., are working the clays of Beacon Hill, while 
the Lohse Brick Co., the Abrahamson Brick Co. and the 
Washington Brick and Tile Co. are using the clays of West 
Seattle. The Pontiac Brick Co., located on the Lake 
Washington side of Seattle, and the Ballard Brick Co., 
on the Puget Sound, above Seattle, are working large 
deposits of a mixture of shale and glacial clay for the 
manufacturing of common brick. The Steele & Steele 
Brick and Tile Co. are operating a bank on Vashon Island, 
which is very free of foreign substances. They have been 
making common brick and also some partition tile. The 
Woodenville Brick and Tile Co. are operating on Lake 
Washington, and using a glacial clay deposit. The Lake 
Union Brick Co. has just opened a deposit of blue glacial 
clay on the west shore of Lake Union. 

All the brickyards around Tacoma are working glacial 
deposits. The Goss Brick-Co. is working the clays of 
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the Point Defiance section, while the Gig Harbor Brick 
Co. is working a deposit on the opposite side of Point 
Defiance. The Tacoma Trading Company is operating 
ae yardnon ithe -elacial clays ofv Hox Island: « \Clay “ofthis 
same formation has been worked to a limited extent at 
Des Moines and at Edgewood. 


The shales in this district have been worked exten- 
sively at Renton and are used by the Denny Renton Clay 
and Coal Co., of Seattle, in the manufacture of paving, 
sewer and face brick. At Kummer and at Taylor this 
same company is mining shales from their coal mines 
for the manufacture of sewer pipe and partition tile. 


We ecOal imines. Ol ~titc district, alone the swestern 
slope of the Cascade Mountains, and especially the ones 
of the Carbonado region, have more or less shale in con- 
nection with their coal. Some of these shales have been 
used for sewer pipe manufacturing. At Bayne a deposit 
of this nature is now being worked to a great extent. The 
Little Falls Fire Clay Co., of Tacoma, which is operating 
this plant, are making common brick of this clay for the 
present, but their intention is to ultimately make paving 
brick. The shales of this coal-mining district will form 
one of the most substantial clay-working assets of the state. 


The clays of the Cretaceous formation are worked at 
Lavior, Lagrande, Clay City, Green, River and Kummer. 
At Taylor, the Cretaceous clays are greatly disturbed by 
volcanic action and are partially calcined. These clays 
are used by the Denny Renton Clay and Coal Co. for the 
manufacture of face and fire brick. At Clay City, The Far 
West Clay Co., of Tacoma, has opened two different de- 
posits. The plastic deposit shows a variety of colored 
mixtures, red, yellow and white predominating. These 
clays are used for the manufacturing of fireproofing and 
partition tile. This clay will stand a high temperature. 
The other deposit is of a semi-calcined nature and is used 
for the manufacture of fire brick. The deposits at La 
Grande show a decomposed boulder formation and have 
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been used by the Denny-Renton Clay and Coal Co. for the 
manufacture of architectural terra cotta. 

The clay deposits of the Green River district are not 
worked to any great extent at present. The best clay 
found in this section is the high-grade fire clay found on 
the *Hamimer ‘property: “Theclaysi(of) the “Brooks «farm 
have been used by the Pacific Stoneware Co., of Portland, 
Oregon, in their stoneware body. The clay deposits of 
the Northern Clay Co. showa plastic yellow clay in one 
deposit, while the other deposit is of a sandy nature. The 
clays of the Griswold farm have been investigated quite 
considerably and proven to be of quite varied character. 
These deposits of the Green River section will be worked 
when better transportation facilities are provided. 

At Kummer we find a peculiar formation of a high-grade 
flint fire clay which is mined by the Denny Renton Clay 
and Coal Co. in connection with their coal and shale. 


EASTERN WASHINGTON. 


Northern District.—The nothern district of Eastern 
Washington includes the counties of Okanogan, Chelan 
and Douglas. Like most of Eastern Washington, this dis- 
trict is covered, for the greater part, with decomposed 
lava formation. There is only one brickyard in Okanogan 
County, but it is making fair brick. In Chelan County, from 
this decomposed lava, bricks are made on three yards. All these 
yards are working this same lava formation. Hobson 
Bros., of Wenatchee, are operating an open pit in which 
this surface clay has a dirty yellow color. It makes a good 
soft mud: brick. H. Av Durham is | working =a: ‘pit near 
Chelan, and J. E. Gutherless is operating a small yard 
near Leavenworth, and A. F. Mafia has a small clay pit 
at Waterville. | 

No clays have so far been found in the eastern foothills 
of the Cascade range of this district. 

Western District.—The counties of Kittitas, Grande, 
Yakima, Benton and Klickitat form this district. Many 
deposits are being worked in this district, but principally 
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in the Yakima Valley which runs, for the greater part, 
through all these counties. At Cle Elem, Wm. Gunther 
has a small yard, using an open pit, and at Ellensburg 
there is a larger yard operated by Coble and Crawford 
on the same formation. The Garrett Bros., of North Ya- 
kima, have opened a large deposit of this surface clay and are 
making good common brick. The Granger Brick and Tile 
Co. are located at Granger farther down the Yakima Valley. 
At Prossor, the Prossor Brick Co. is working a deposit 
of the same nature, as is the Columbia River Clay Co., 
of Kennewick. All these firms make common brick from 
this same decomposed lava. 

Shales have been mined at Roslyn in connection with 
the coal, and used in the manufacture of sewer pipe and 
partition tile by the Diamond Brick Co. No clays of the 
better quality have been found in this section with the 
possible exception of Centerville in Klickitat County. 

Southern District.—The southern district includes 
the counties of Adams, Whitman, Franklin, Garfield, 
Asotin, Columbia and Walla Walla. The northern part 
of this district has shown all evidences of possessing ex- 
cellent clay deposits. Near Palouse we find clay deposits 
which belong to the decomposed granite formation. These 
deposits exist east of Palouse and extend across the state 
line into Idaho, and have been opened up at Potlach and 
Deary. At Palouse these deposits are being worked by 
the Potlach Brick Co., who at the same time operate 
a yard at Potlach. Until recently, the clays were also 
worked by the Palouse Pottery Co. for the manufacture 
of stoneware. At Deary, the clays are being worked and 
used in the making of face brick and firebrick. 

The decomposed basaltic formations are found through- 
out this district and form the basis of the common brick 
manufacturing. John P. Kusler operates a pit at Oakes- 
dale. The Garfield Brick Co. is working the formation 
at Garfield. Easum Bros. are using the clay of this forma- 
tion at Colfax, while the Pullman Brick Co. is making 
brick of this clay at Pullman, and George Herboth has a 
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small yard at Uniontown. The Pommery Brickyard is work- 
ing a small deposit at that place, while the Dayton Brick 
Co. is making brick from this basaltic formation at Dayton. 
At Walla Walla the same formation is used by the Walla 
Walla Brick and Tile Co., and by the State Penitentiary. 


Eastern District.—The largest clay deposits in Kastern 
Washington are being worked in this district, which em- 
braces the counties of Perry, Stevens, Lincoln and Spokane. 
The surface lava clays form the greater part of the clays 
used in making common brick. The better class of clays 
are found in Stevens and Spokane Counties, and are used 
in the manufacture of face brick, sewer pipe, partition 
tile, firebrick, architectural terra cotta and stoneware. 


Along the Columbia and Collville Rivers in the nothern 
part of this district are several places where good common 
brick clays are found: at Northport, Kettle Falls, Colville 
and Chewelah. 

The Idaho Lime Co. is operating a yard at Newport, 
close to Idaho line, and is using a decomposed basaltic 
formation. 

Around Sspqkane,; the Dishman Brick “Co. the, |...) 
Davie Brick Co. and the Houston Brick Co. are making 
common brick from surface lava clay. | 


At Freeman we find a clay formation which is partly 
formed by the decomposition of basaltic rocks and granites. 
These clays are sedimentary and are used by the Washington 
Brick, Lime and Sewerpipe Co., of Spokane, for the manu- 
facturing of common brick. A deposit is worked close to 
Chester by the Bergman Clay Manufacturing Co., which is 
similar to the Freeman deposit except that the basaltic 
formation is not so evident. These clays run from a yellow 
to a gray, and are used by this company in the making of 
sewer pipe, common brick and dace brick.” At, Rockiord. 
a deposit of similar nature has been worked by the Rock- 
ford Pressed Brick Co.. The Cheney Brick-and, [ile Mie. 
Co., of Cheney, is working a deposit of decomposed basaltic 
clay. 
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Large deposits of the better grades of clays are found 
at Clayton. These deposits are decomposed granites, 
which are stratified in various colors. The beds appear 
in pockets, and are quite deep in thickness. They cover 
a large area and are used by the Washington Brick, Lime 
and Sewerpipe Co., at their Clayton plant, for the manu- 
facture of face brick, firebrick and architectural terra cotta. 
The Spokane Stoneware Co. is using a clay, located about 
four miles from Clayton, in the manufacture of stoneware 
and flower pots. 


The oldest formation of clay deposits in the state 
are found at Mica. All of these clays have their origin 
in the Mica Mountains, being decomposed granites, but 
which are not as intermixed with various colors as some 
of the other decomposed granite formation found in other 
parts of the state. The American Firebrick Co., of Spo- 
kane, is working three deposits: one is of a white color 
and used for the manufacturing of white face brick and 
firebrick; the iargest deposit is used in the manufacture 
of sewer pipe and partition tile; while the third deposit 
has a distinct red color and is used for the making of red brick. 
The Washington Brick and Lime and Sewerpipe Co. has 
just opened a large deposit at Mica, which they are using 
for the making of sewer pipe. This deposit has a well 
marked stratified formation, and has some basaltic forma- 
tion mixed with the decomposed granites. 
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Silica 58.96| 58.40/63.08| 69.50] 73.50] 64.34/65.66] 58.06] 40.37|72.68 
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Magnesia 2,96} 1.83) -1:96)"..0.47| 0.12) 0.54} 0.90} 0.40] 0.45] 1.21 
Alkalies ZO7 53.92), 3.08) -2.25| . 2:40) 3:66) 0.80]. 1/75] -10.08/51-75 
Combined water | 7.94] 6.45] 7.64] 6.35] 3-50} 8-63] 8.34] 8.74] 16.86] 8.49 
Total | 100, 12 100.03 99.87| 100.41 100.30} 100.21 99.60] 100.43] 100.43|99.88 
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I.—Glacial clay from Seattle. 
II.—Glacial clay from Gig Harbor. 
III.—Shale clay from Renton. 
IV.—Purple clay from Taylor. 
V.—Yellow clay from Taylor. 
VI.—Stoneware clay from Green River. 
VII.—Stoneware clay from Clayton. 
VIII.—Brick clay from Clayton. 
IX.—Flint clay from Kummer. 
X.—Sewerpipe clay from Mica. 


EXPERIMENTS ON THE DRYING OF CERTAIN TERTIARY 
CLAYS. 


By EDWARD ORTON, JR., Columbus, O. 


Occurrence and Distribution of the Clays.—In the 
northwestern portion of the United States and Canada, a 
broad belt of country east of the Rocky Mountains is cov- 
ered with strata which we are told represent the Creta- 
ceous, Tertiary and later geological periods. As a rule, 
the Rocky Mountain uplift has brought up igneous or very 
ancient sedimentary rocks as the back-bone of this great 
series of ranges; the younger strata are spread in hori- 
zontal sheets over the plains country to the east and in 
some places to the west of the mountains, but their up- 
turned and tilted edges are exposed along the edge of the 
uplifted area. There it can be shown that they are of 
very considerable thickness, but away from the moun- 
tains, it is seldom that more than a few hundred feet are 
exposed in any single section. 

These strata are composed quite largely of soft friable 
sandstones, sandy shales, and stratified clays. There are 
frequent veins of lignitic coal underlain with yellow burn- 
ing clays, analogous to the fireclays of the carboniferous 
Strata of the central states. The formations ‘are thus 
seen to include all of the usual types of stratified or fossil 
clays. In addition, they contain in places a clay-like 
mineral of very distinct attributes, to which the name 
Bentonite has been given, and which must be counted as 
a part’ of the clay assets of the formations. ‘The general 
characteristics above described are not intended to apply 
exclusively to strata of Tertiary Age, but to the Cretaceous 
also. 

Lack of Other Clays in the District.—Beside the strati- 
fied shales and fireclays of the Cretaceous and Tertiary 
Periods, there is little available clay material. The plain 
or plateau country is, as a rule, covered deeply with a 
blanket of glacial till, bequeathed by the vast continental 
glaciers which, in the Ice Age, covered the entire area in 
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question. This till is of low economic value here, as else- 
where. It is full of boulders; lenses of gravel and sand are 
common, and the clay portion is variable over wide ranges 
of coniposition and much impregnated with limestone 
pebbles. Occasional pockets representing some ancient 
marsh or lake bottom are found which are free from limestone 
or boulders, making workable beds for common brick and 
drain tile, but by no chance is anything of better quality 
likely to originate in these glacial clays. Besides the glacial 
till, the river valleys which have been cut through the till 
and into the subjacent bedded rocks are floored on their 
flood-plains with relatively thin and unimportant beds of 
fluvial sediments. ‘These river bottom clays are generally 
very sandy and silty, and at their best are not likely to 
make superior common bricks. As a source of better 
clays, they are not to be considered at all. 


Thus it appears that over an area of hundreds of 
thousands of square miles, comprising the plains and 
plateaus of Wyoming, Montana, the Dakotas, Saskatchewan, 
and Alberta, the clay supply immediately available is 
either glacial till or silty river bed deposits—neither of 
good quality for even common purposes, usually. Where 
a fault block has been thrust up so as to create a scarp, 
or where the rivers have cut cafions, the stratified shales 
and fireclays of the Cretaceous and Tertiary formations 
are exposed. These occurrences, while insignificant as 
to area, are nevertheless considerable in actual extent, 
and are not uncommon all through the territory under 
discussion. 


If this district is to manufacture its own paving brick, 
sewer pipe, face brick, roofing tile, fire brick, stoneware 
pottery or terra cotta, it must do so from these occasional 
occurrences of stratified shales and fireclays. If it cannot 
do so, then these products must be hauled from the Hast 
from 500 to 1500 miles, or from the West from 600 to 
1000 miles across the mountain ranges. It is evident that 
the incentive to use this material is strong and must con- 
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stantly grow stronger as time passes, and the country 
grows in population and needs. 

Quality of the Tertiary Clays.—There have been fre- 
quent attempts to use these stratified clays for the above 
purposes. Up to the present time but little success has 
been attained. The difficulty in general has been due to 
an inordinate stickiness or adhesive quality in the clays 
when made plastic, accompanied with large changes of 
volume in drying and very severe cracking. The cracking 
forms a kind of network on the surface of the clay mass, 
resembling the crazing of a glaze. These cracks are shal- 
low at first, but later get deeper until the body sometimes 
falls in pieces. 

The qualities developed by burning these clays is said 
to be good, or at the least distinctly promising for the 
production of vitrified wares. Their use would, therefore, 
appear to hang upon the discovery of some way to over- 
come their drying difficulties. 


THE PRESENT INVESTIGATION. 


The data upon which this paper is written was obtained 
in the study of a group of clays representing either late 
Cretaceous or early Tertiary formations and being fairly 
representative of the clay resources of a considerable 
area in the district previously indicated. As the work was 
commercial in its origin and objects, it will not be proper 
to more closely indicate the locality from which the sam- 
ples were obtained. 

Twelve samples were taken, each representing an 
outcrop of shale or fireclay. These samples were put 
through the usual preliminary test comprising: 

(a) Mineral nature, rock structure, or state of aggrega- 
tion. 

(6) Observations on grinding properties. 

(c) Observations on plasticity and working properties 
when tempered. 

(d) Shrinkage in drying and observation of drying be- 
havior. | 3 
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(e) Burning behavior as evidenced by 
(1) Oxidation behavior. 
(2) Color changes at ‘Cones 07; 04,°02,'1,°3, 5 and 7. 
(3) Fire shrinkage at same stages of burning. 
(4) Hardness and character of body developed at 
each stage. 
(5) Absorption at each stage. 
(6) Overfire behavior. 
(f) Final conclusions of value of clay, based upon above 
data. 
Without reproducing the data in full, the following 
summary of the shrinkage changes is important: 




















Table I. 
Clay No. Nature of sample Rea Ayannciiy ere total shrink. 
age 

TI | 7.5 7 oO 14.5 
15 8.4 520 14-2 
10 Shales 12.1 = He} 18.0 
13 | 823 623 14.6 

14 9-4 nan: 14.7 
17 8.5 5.5 14.0 
pia aa PN) 13.0 
16 Fireclays at 8.0 153 
18 10.1 Fit L735 
20 O77 2h 633 16.0 
12 | Weathered surface | II.9 | 6.6 | 18.5 





Based upon the foregoing table, and the other evidence 
obtained, the following conclusions were drawn upon 
these samples: 

First, that the above 12 samples, as a class, possess an 
abnormal and sticky type of plasticity, which makes them 
adhere strongly to metals and other die materials and thus 
makes them very hard to work or fashion into wares by the 
usual processes. 

Second, that they show an abnormal shrinkage in dry- 
ing, accompanied by strong warping, twisting and crack- 
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ing tendencies, even when made up into small laboratory 
test pieces, which, in full-sized commercial wares, would 
result in entirely prohibitory losses. 

Third, that on burning they show shrinkages in firing 
of only moderate amounts, entirely within working limits. 

Fourth, that the color, hardness, structural. strength, 
vitrification, etc., developed on proper burning, are in the 
main very excellent. They are not perhaps as fully de- 
sirable as the analogous clays of the carboniferous forma- 
tions of some other localities, but they are entirely capable 
of satisfactory use and, in a district far distant from other 
sources of supply, they would meet all requirements. 

The successful use of these materials, therefore, hangs 
upon the discovery of some means of overcoming the 
sticky quality when in the plastic state, and the inordinate 
shrinkage and cracking in drying. Inasmuch as the clays 
all seemed to participate to a greater or less degree in these 
objectionable peculiarities, no further work was put upon 
the study of each individual clay, and the whole study 
was directed towards finding a treatment which would 
cure the defects of the clays as a group. ; 

Three compound samples were now prepared by 
mixing the residues of the samples together. Mixture A 
contained four shales of similar nature. Mixture B was 
composed of three buff-burning fireclays coming from 
immediately beneath seams of lignite coal. Mixture C 
was also composed of under-clays to lignite seams, but they 
were impure and red-burning and did not resemble fire- 
clays. 

Outline of Tests Tried.—The various modes of correct- 
ing abnormal shrinkage, cracking, drying and _ sticky 
plasticity, known to the writer, are three: 

First, use of anti-plastic bodies, like sand, grog, saw- 
dust, etc., which would reduce the stickiness and reduce the 
shrinkage, therefore tending to stop the cracking. 

Second, use of chemical coagulants, like carbonate of 
soda, caustic soda, sulphuric acid, tannic acid (from straw), 
ete: 
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Third, use of heat, to break down the organic or inorganic 
bodies which tend to make the clay impermeable to water, 
and therefore to give rise to drying troubles. 


EFFECT OF ANTI-PLASTIC ADDITIONS. 


Experiment 1. Use of Sand.—Mixtures A and B 
were mixed, respectively, with 50 per cent. river sand, 
which had previously been passed through a sieve of about 
16 meshes per lineal inch. The stickiness was reduced by © 
this mixture, but not overcome. The paste obtained was 
still sticky and adhesive if wet enough to work well, and 
crumbly and weak if a little less water was used. At no 
stage were the working properties good. No smaller ad- 
ditions than 50 per cent. were tried, for this large quantity 
still failed to correct the stickiness. 

Experiment 2. Use of Grog.—Raw portions of Mix- 
tures A and B were mixed with 50 per cent. of the same 
clays calcined. The calcination had been carried up to a 
point where the clays had become permanently non-plastic, 
but the grog differed from sand in being porous and softer, 
and more likely to form a bond with the plastic clay. 

The effect of this addition was not dissimilar to the 
preceding. It effected some improvement, but did not 
overcome the stickiness. No smaller quantities than 50 
per cent. were tried, because 50 per cent. had failed and 
still larger additions were impracticable on account of the 
weakness and crumbling nature of the product. 

Experiment 3. Use of Sawdust.—Sawdust is an availa- 
ble substance in large quantities and at low prices in many 
places in the Northwest. Besides its ordinary anti-plastic 
effect, there was thought to be some probability of its 
exerting a chemical action through the tannic acid of the 
bark and other organic acids or alkaloids of the wood 
itself. In order to get it into condition to coat well with 
clay and bond with it, the sawdust was steeped in water 
until well saturated. The sawdust was previously passed 
through a sieve of 8-10 mesh per lineal inch to remove 
coarse particles. Mixture A was mixed in two propor- 
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tions by weight, vzz., 5 per cent. and 10 per cent., and also 
with two other proportions by volume, vzz., one-half bulk 
sawdust to one bulk clay, and one bulk sawdust to one bulk 
clay. Mixture B was mixed with io per cent. sawdust for 
one trial and bulk for bulk for another trial. 

In order to get data of more practical value, the trial 
pieces were made up in full brick size. The drying was 
carried out in three ways: 

First, a quick drier operating at 85° C. for 24 hours. 

Second, a medium drier—operating at 50° C. for 72 
hours. | | 

Third, a slow drier —operating at 20° C. (room tempera- 
ture) for a week. ‘ 3 

The same drier comparisons had been made for the 
Geological Survey of Ohio upon 68 Ohio clays, comprising 
shales, fireclays, surface clays, with the following results: 

15 per cent. of clays tested stood the 85° 24-hour 
treatment. 

66 per cent. of clays tested stood the 50° 72-hour 
treatment. 

85 per cent. of clays tested stood the 20° 7-day treat- 
ment. 

Thus it is seen that the methods used upon the clays 
in question were not more severe than the clays of Ohio 
were usually able to meet successfully. 

The bricks of Experiments 1, 2 and 3 were exposed to 
the three ways of drying and the results were negative 
in all cases. None of the mixtures would stand either 
the 85° drier nor the 50° drier, nor the 20° open-air treat- 
ment. All cracked, but Experiments 1 and 2 were better 
than No. 3, and the cracking at 20° was not bad. 

The bricks in all of these cases dried rapidly on the 
shell or surface, while the interior still retained its water 
as a rubber-like paste. The exterior naturally cracked 
in attempting to shrink down on the unshrunken core. 
Only when the exterior cracks opened avenues into the 
interior for the water to escape did the interior make rapid 
progress towards drying. 
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These experiments show that the cause of the drying 
trouble is the peculiar quality of the impermeability of the 
plastic clay. Ordinary clays are more or less granular 
and water flows through their capillaries with ease. But 
the clays under test seem to permit water to move through 
the mass with extreme difficulty, nor is the presence of 
sand or grog, or sawdust, of much assistance in opening 
up the pore system. The plastic paste envelops these 
grains of foreign matter, but is not itself changed thereby, 
and as long as the clay constitutes an encompassing paste 
or matrix, the situation cannot change much. If enough 
anti-plastic were used to actually create gaps or holes in 
the plastic encompassing paste, it might help in the dry- 
ing, but the mixture would be so gritty as to be unwork- 
able anyhow, and hence nothing would be gained. 

The use of anti-plastic was, therefore, abandoned 
with too little beneficial results in their use to justify further 
experimenting. | 


USE OF CHEMICAL COAGULANTS. 


It is a widely discussed belief that many clays contain 
substances thought to be organic, but thought by some to 
be inorganic, but in either case to be jelly-like or glue-like. 
These bodies are known as colloids, being the reverse of 
erystalloids. Much has been written about them in recent 
years and many things attributed to their influence which 
is in excess of what can be proved. 

The researches of Ashley and others have shown that 
different clays in which the so-called colloidal ingredients 
are high are affected in marked ways by the addition of 
chemicals which coagulate and render denser these bodies. 
Striking experimental evidence of this has been produced. 
Very recently the same reasoning has been applied to cer- 
tain problems of impermeability of soils, with promising 
results. 





1K. F. Kellerman, Science, page 189, February 3, ro1l. 
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In the present investigation four different coagulants 
were tried: 

Experiment 4. Use of Caustic Soda.—Only Mixture A 
was tested. To two portions of one pound each, one gram 
and two grams were added, respectively. This amounts 
to 0.2 and 0.4 per cent., respectively. The mass was tem- 
pered up, molded into a brick and dried slowly. The re- 
sults were not improved in any way. 

Experiment 5. Use of Carbonate of Soda.—To Mix- 
ture A 0.2 and 0.4 per cent. of carbonate of soda was added, 
as before. No good result followed on drying. 


Experiment 6. Use of Sulphuric Acid.—To Mixture 
A 0.6 per cent. of strong sulphuric acid (1.8 sp. gr.) was 
added, and the mass tempered, molded and dried. The 
results could be noticed—there were fewer cracks, but 
larger ones, than in the untreated clay. The treatment 
did not seem promising and would have bad _ effects 
upon the color and working and burning behavior of the 
clay in any case. £; 

Experiment 7. Tannic Acid.—Acheson' has shown 
that tannin, gallo-tannic acid, catechu, extract of oak 
bark, extract of sumac, infusion of oat straw, etc., produce 
remarkable physical alterations in some clays, increasing 
their tensile strength, and improving their drying quali- 
ties. He has also suggested that the use of straw by the 
ancient brick-makers, as mentioned in Holy writ, was for 
the tannic acid effect, rather than for the more obvious 
reason of increasing the tensile strength by use of a fibrous 
material. 

In order to test this, straw was cut up into short 
fibers, from 1/4 to 1/2 inch long, and introduced into Mix- 
tures A and B in the following proportions each, v7z., 2.5 
per cent., 5 per cent., and also by bulk in proportions of 
1 clay to 1/2 straw, and 1 clay to 1 straw. On tempering 
and drying there was absolutely no beneficial effect. The 
cracks in the samples most highly charged with straw 
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were just as bad as ever, though the straw did impart 
ability to hang together better after the piece was cracked 
clear through. 


There seems no advantage attainable either from 
the chemical effects of the tannin or other colloids of the - 
straw nor from its use as a fibrous anti-plastic. 


The chemicals employed comprise those which have 
been used in other connections, with notable results on 
the state of agglomeration of clays. In clay casting in 
potteries in particular, carbonate of soda is widely used 
to coagulate the slips but its effects here has been prac- 
tically nil. 


USE OF HEAT TO FLOCCULATE THE CLAY. 


Professor A. V. Bleininger, working first at the Univer- 
sity of Illinois,’ and later at the Bureau of Standards,’ has 
developed an important method -of treating clays 
which stubbornly crack in drying, by heating them up to 
temperatiires varying Tronm200°"C!"tor3 50" “C.-(he imen- 
tions 400° C. as being tried by a friend, in one instance). 
He explained the change produced on the basis that the 
organic or inorganic colloids are shriveled up and rendered 
either temporarily or permanently unable to take up 
water, and assume their former jelly-like condition. While 
in this flocculated state, they let water pass freely through 
the mass as it does in any normal plastic clay paste, and 
thus they may dry safely and with much diminished shrink- 
age.. Professor Bleininger” has suggested, the useworscnc 
rotary kiln for calcining clays which need this pre-heating 
treatment. 


This work of Bleininger’s seems the most promising 
method thus far advanced for dealing with clays of this 
type. It was, therefore, made the subject of careful test. 





1 Trans. Am. Cer. Soc., Vol. XI, p. 354, 392% fbtd.,: Vol: XII, p. §04. 
? Bull. Bureau of Standards, Vol. VII, Part 2, p. 143. 
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Experiment 8. First Pre-Heating Test.—Samples of 
the Mixtures A, B and C, sufficient to make full-sized bricks, 
were placed in drying ovens and were heated to 100° C. 
ego) PhO es O00 H yeaidazoo - C6390. 10t6 
hours. Another sample of each was placed in a gas-fired 
muffle kiln and heated for 6 hours at 300° C. (570° F.). 
These various samples were now made up and their drying 
behavior tested. Neither the treatment of 100° C. (212° 
Peersoc CC. (soo) He)sor 200 Ci 390° “F2)y madetan-ap- 
preciable difference in the behavior of any of the mixtures. 

In the sample heated to 300° C. (570° F.) there was a 
distinct improvement. The clay no longer felt so sticky 
when tempered with water. It worked shorter and more 
granular and the drying was improved, though by no 
means corrected. 


Experiment g. Second Pre-Heating Test.—In order 
to get the benefit of more accurately controlled conditions, 
a large brick test kiln was heated up to 330° C. (625° F.), 
and a sample of Mixtures A, B and C was placed inside in a 
fireclay box or tray and exposed for 90 minutes. Other 
samples were given the same treatment for 120 minutes. 
The temperature was carefully controlled all the time by 
an electric pyrometer. 


In a similar way, other samples were exposed in the 
same kiln to a.temperature of 400° C: (750° F.) for 30, 60, 
90 and 120 minutes, respectively. 


Another batch was then heated to 450° C (840° F.) 
for 30 minutes. These three treatments produced a dis- 
tinctly noticeable change in color of the clay mixtures. 
They changed from their initial yellowish gray or bluish- 
gray to brownish tones, and in the 450° C. (840° F.) sam- 
ple, to a light reddish color, indicating the near approach 
of the changing point of the clay produced in regular 
burning. 

The clays were now made up into bricks and dried. 
There was a distinct change, but not a consistent or regular 
one. Some samples dried safe at one point and cracked 
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again when tried a second time or when fired at a heat 
which should have still further improved their behavior. 
Others still cracked under all rates of drying, but in a oe 
tinctly less aggravated degree. 


Experiment 10. Third Preheating Test.—The pre- 
ceding trials had already covered the ground described 
by Bleininger in his experiments and gone to a far higher 
temperature than he had employed, without curing the 
troubles. There has been no improvement worth men- 
tioning in the lower temperatures and only by going to 
temperatures which he had indicated as excessive had any 
really encouraging gains been made. The discouraging 
feature was that the gains were so irregular and inconsis- 
Lent 


The mechanical difficulty of heating clay in large 
quantities to an accurately controllable temperature above 
300° C. (570° F.) without the aid of motion to: prevent 
local overheating or underheating is apparent. Bleininger 
recognized this in recommending the rotary kiln. It 
seemed probable that the spotty and irregular character 
of the results obtained at.400° C. (750° F.) and 450° C. 
(840° F.) were due to portions of the clay having been 
exposed more completely than other portions to the heat, 
and the corresponding incompleteness of the reaction or 
chemical change. 


Accordingly, a miniature rotary kiln was devised out 
of a piece of wrought iron pipe of about 4 inches diameter 
by 30 inches long. This was heated over a gas fire, mak- 
ing a kind of muffle over and around it, the two ends stick- 
ing out to the open air. The temperature in this tube was 
regulated by an electrical pyrometer, the thermo-couple of 
which was in the center of the tube, in contact with the 
moving clay. The clay was fed in at one end and the 
tube, which was slightly inclined, was slowly rotated 
by hand power, and the clay fell further and further down 
the tube till it fimally fell out into a receptacle at the lower 
end. 
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Three runs were made with this apparatus: The first 
was at 480° C. (goo° F.), in which the clay passing through 
was exposed 10 minutes to the heat. The second was at 
580° to 625° C. (1075 to 1150° F.) and lasted 18 minutes. 
Ryewthird? was*at*470- to’ 490°'C.(880"to 920°. F.) and 
lasted 35 minutes. The ends sought by this treatment 
were only partially gained by them, for the clay fed down 
too rapidly at times and the temperature fluctuated widely 
in spite of the greatest care. The clay which had passed 
through was irregular in color. Some grains were light 
cream, or pink, others black, etc., indicating unequal burning. 

These three sets of conditions were applied to Mix- 
tures A, B and C with results which, though far from 
satisfactory, gave encouragement to persist. The B mix- 
ture, composed of buff-burning fireclays, was very definitely 
improved, while the Mixture C (red-burning fireclays) 
was somewhat improved and the Mixture A (shales) was 
cracking still, though much diminished in degree and with 
a very different kind of cracking from its initial behavior. 

So far as could be observed, the difficulties of securing 
a full or equal treatment of all parts of the material were 
not yet overcome by the rotary tube and the inconsisten- 
cies of the results were probably due to this cause. To 
still further clinch this point, the following experiment 
was made: 

Experiment 11. Mixing Preheated Clay in Different 
Proportions.—In a commercial rotary kiln, it would be 
possible that the material delivered would be like that 
coming from the little tube described in Experiment 10, 
viz., there would be over-done, correctly fired, and under- 
done material mixed together. To more accurately under- 
stand the effect of this, batches of Mixtures A and B were 
prepared, composed of: 


Per cent. 
Calcined clay (completely dehydrated)...... 2 
Preheated to 400° C. for 90 minutes........ LURES 


Preheated to 335° C. for 90 minutes........ P25 


100 
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Bricks were molded from these mixtures and dried 
in the usual way. Mixture A cracked badly. Mixture 
B slightly. This seems to indicate that the entire mass oj 
the clay must be heated for the right time at the right tempera- 
ture. Over-burning one part does not make up for under- 
heating another part. 

Experiment 12.—Without any very well defined idea, 
a shallow fireclay tray 1.5 inches deep was filled with clay 
from Mixture A, and placed for 2 or 3 hours in the ordinary 
gas stove by which the laboratory was heated. The weather 
was not very cold, and the fire was not burning very strongly, 
but the clay was at a temperature but shortly below red- 
ness for several hours. When removed, it had changed to a 
flesh color, and when wet with water it developed but 
little plasticity at first. On grinding with water, how- 
ever, it speedily became plastic enough for good working 
purposes. A brick made from this material, laid upon a 
warm stove top dried in 3 or 4 hours without a flaw. 

This remarkable result occasioned great surprise and 
renewed courage, for the drying test was very severe 
and the preheating treatment equally so, so far as could be 
judged valk seemed to point to the importance of continuity 
of heat treatment and a new effort was made in that direc- 
tion. 

Experiment 13. Second Rotary Kiln.—A new rotary 
kiln was made of 18 gauge sheet iron having a diameter 
of 15 inches by length of 9 inches. This cylinder had 4 
holes, 3 inches in diameter, in each head, for free influx 
of air. It was heated in an improvised furnace, in which 
the temperature could be kept fairly constant by means 
of a thermo-couple inserted through the hollow axis of the 
cylinder. The shell of the cylinder was dull red in pass- 
ing over the zone and cooler, of course, on the balance 
of the way around. ‘The clay lay on the bottom in the 
hot zone, but was not visibly red hot itself. 

In this cylinder, the entire batch of clay to be treated 
was introduced and kept until it had been heated through 
and through. Rotation by hand kept the mass changing 
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position all the time, but not escaping from the heat. The 
temperature of the clay probably ranged from 450° to 
510° C. (840 to 940° F.) during the latter part of the treat- 
ment, after the clay had become fully heated through and 
through. There was a very perceptible burning out of 
carbon from the clays. This was evidenced by their 
change in color, and by the sparkles and dull glow on the 
clay as the drum slowly revolved. 

It seemed that the best way to get results with this 
apparatus was by running it at a fixed temperature (as 
above) and varying the duration of the treatment with 
the different clay mixtures. 

The following data were secured by use of this appara- 
Lus: 


Mixture A. 
Heated a. 450°-510° C. in Rotary Drum. 




















Duration of treatment 30 min, 45 min. 60 min. euirenes 
Solr Si Nae S105 tt, ud | Black Yellow | Yellow | Yellow 
Plasticity anuke. sideee® ss | Good Good | Fair Fair 
Devine at 50.10 soe, Bad Better Good Good _ 
DEY CCHS Re Cat NL etas th Se Baran Se te eg Bad 
Drying in open room... PietBade wr 2 fal cone Be Ras 











It must be borne in mind that very few clays will stand 
the 85° C. drier (in Ohio, only 15 per cent. of clays treated 
will stand it) so that failure of Mixture A to stand this 
test is not to be wondered at. 


Mixture B. 
Heated at 450°-510° in Rotary Drum. 














Duration of treatment 25 min, 30 min. | 45 min. 
ite) setae arr Re. SM dae he Black Black | Black 
DIAStiCit Vue ee Shee ee os Short Short None 
Devine atisorC O27 e Sy: ee | Good (Goode te istigenc.s. 





Dayemeratiss (CR Et Siu | Bad Bad aaah rocee 
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The 45-minute sample was non-plastic and no brick 
could be made from it. This swift change from the 30- 
minute treatment seems to show that the treatment must 
be pretty accurately controlled. 


Mixture C. 
Heated at 450°-510° C. in Rotary Drum. 














Duration of treatment 30 min. 45 min. 50 min. 
‘Colotank 0 ads pd ea ROR a | Yellow | Yellow | Yellow 
Plasticityn ices aa ae a Good Fair Short 
DryinCatasO 9 C serine haa Bad Very slight Good 
Drying ates ss Che ics oe eae ee | Bad Bad 





A difference of 5 minutes in the treatment seems 
capable of producing marked difference in the results. 

Summary on the Preheating Data.—The foregoing 
tests show: 

First, that exposure of these clays to temperatures of 
100° Chg 0. -U 2200" 4... 300 Cr andes 20 qeCw Ors utO dr 
of from 30 minutes to 6 hours gave no important gains— 
the clays still continued to develop the same peculiarities, 
rubbery plasticity, and the fine-meshed drying cracks. 

Second, that exposure in fireclay trays to temperatures 
of 400° and 450° C., without stirring, gave evidence of 
chemical changes and improved drying qualities, though 
still entirely unworkable from a commercial standpoint. 

Third, that exposure for periods of 10, 18 and 35 min- 
utes in a short rotary tube, to temperatures of 480°, 580- 
620°, and 470-490°, respectively, gave similar evidence of 
chemical changes and improved drying qualities, but still 
too irregular and erratic to be commercial. 

Fourth, by exposure by chance to unknown conditions, 
but which must have been of longer duration and higher 
temperature than those included in paragraphs 1 and 2 
gave a perfect result on one clay. 

Fifth, that acting on this clue, a rotary drum heated 
to 450-510° C. gave satisfactory treatments for all sam- 
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ples, the duration of the treatment being the critical mat- 
ter, with apparently a margin of only about 5 minutes in 
some cases. 

Sixth, that so far as can now be seen, it is possible to 
devise a preheating treatment which will do away with the 
stickiness of these clays and cure their cracking in drying, 
but this treatment must be far higher in temperature than 
anything ever proposed by Bleininger or any one else, 
and is therefore a matter for still further consideration. 


CHANGES PRODUCED BY THE PREHEATING TREATMENT. 


The physical evidence of important chemical changes 
brought about by the preheating treatment are: (1) 
Change of color; (2) marked change in the nature of the 
plasticity and entire loss of plasticity if the treatment 
goes | too tar; '(2)a cessation of cracking in’ drying.) In 
order to more fully understand the changes taking place, 
samples of unburned Mixture A and the same after sub- 
jection to the preheating treatment at 480° in the rotary 
drum were prepared and analyzed for carbon and chem- 
gically-combined water by Prof. D.. J. Deniorest. 

The results are: 














Water Water 
Sample Carbon Total expelled | expelled 
water at 105° C, at red 
heat 
Sen, Ved 2g ee a eR eR oma ran ia ees: | TS) | 3.90 
Same, after preheating at 480° C. | 0.09 | yee: | Pies te | WS £0) 





This analysis gives at once a considerable insight 
into the situation. From it,- the following deductions 
may be made: 

First, the clay appears to be of different mineralogical 
make-up from the ordinary clays in use elsewhere. Its 
plastic base is probably not the mineral kaolinite, which 
is generally considered to be the chief clay-forming alu- 
minum silicate, or atleast, it isnot that mineral alone. It is 
probably some other hydrous aluminum silicate, like 
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Bentonite, a mineral of higher water’ content, variously 
given as 16 to 18 per cent. This mineral occurs frequently 
in streaks ranging from one inch up to several feet in 
thickness among the Cretaceous and Tertiary formations 
of the Northwest, and was seen at several points in collect- 
ing the foregoing samples. 

The samples collected were greenish or yellowish, be- 
coming nearly white on drying out. It is immensely fine- 
grained and feels like soap between the teeth, except for 
occasional grains of sand which are scattered through it. 
The three following analyses illustrate its chemical pecu- 
liarities: 




















No. 1 No. 2 Rock Creek 
Components sample sample Wyoming 

sample 
Siliedn wan. oe ements | 5403 | 68 .o 59.78 
A maid 3 a ee ee ane | 19.67 | 13.5 15.10 
Oxide oP iron) sste5 to ee 4.82 253 2.40 
Time sav. woes Ste aies cee 2.08 2.0 re pee ae 
Magnesia‘? 46: na. e ote 1.86 4 AGIA 
AI RAL ES 5 Uc5i ec Sit tear eg 0.40 RAI rece! 
Sulphur trioxide se. s2 ee ney 0.3 
Carbon. dioxides..:co stress 0.51 Bio ae 
WA Cet Ss nn tor eta peeye 16.50 13.0 *16.26 
Motaleien/ ts surieot ah hee 99 .96 99.5 98.41 





The first and second samples came from the district 
represented by this investigation. The Rock Creek sam- 
ple is quoted from Ries ‘‘Clays, Their Occurrence, Proper- 
ties and Uses’, 2nd Edition, page 513). In the first analy- 
sis, the water and the dehydrated material were for some 
reason reported separately, and have been recalculated 
into one analysis by the writer. 

Since Bentonite was observed to be present in streaks in 
these formations, it certainly lends color to the suggestion 
that it may occur throughout the clays and shales, lending to 
them its peculiar physical characteristics. Bentonite is a 
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material of excessive water-absorbing capacity. It works 
up into a mucilaginous paste, using 3 or 4 times as much 
water as a kaolinitic clay would do and swelling greatly in 
volume. This paste dries with great shrinkage and in- 
ordinate cracking. 

All of the fireclays and shales examined consist to a 
considerable degree of ordinary quartz sand, as do most 
other clays. It is necessary to assume, therefore, that the 
aluminous silicate which furnishes the plastic element 
of these samples must have contained a larger amount of 
easily expelled water than any ordinary kaolinitic clay, 
for the samples tested in this case were dry and dusty when 
weighed out, and still showed the very high water con- 
tentroxpelled: at.1105°%.C) A clay with: kaolinite, as: its 
-base would not be able to absorb or retain anywhere near 
the quantity of hygroscopic water that these samples 
show. One remarkable feature of the case is that the 
sample which had been preheated to 450°-510° C. showed 
thatit had taken-up 4.73 per-cent. water after the pre- 
heating treatment, while a kaolinite similarly dried would 
not have taken up more than a per cent. or two. 

The discovery of the probable non-kaolinitic charac- 
ter of these Cretaceous and Tertiary clays, if confirmed by 
more thorough studies, 4s of great interest from the 
geological standpoint. 

Second, its loss of stickiness and cessation of cracking 
may be due to two different causes, viz., the burning out 
of the organic substance or the partial dehydration of the 
aluminuin silicate base of the clay, or to both. The im- 
portant amount of the change in the water content, and 
the smaller amount of the carbonaceous matter expelled, 
make the latter seem less likely to be the active cause of the 
changed physical properties. The fact that the carbon 
does burn out just at that time, and that the clay changes 
color in consequence, is probably a minor or concurrent 
change and not the one which so profoundly affects the 
clay’s nature. It is impossible to make this or any other 
statement on this point with confidence, however, as small 
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amounts of colloidal matter has been shown by Acheson 
to have great effect in some cases, and if the carbonaceous 
matter in this clay really is a colloidal body, instead of 
merely vegetable mold or lignitic inclusions, it may be the 
cause of the physical qualities of the clay. 

The clays here treated seem to indicate a retention 
of plasticity after the expulsion of part of the combined 
water. This phenomenon has been observed before’ un- 
der even severer treatment. 

The ability to slake down to a soft mud is not uncom- 
monly shown in clays which have been heated only to low 
red heat and kept at that temperature for some hours. 


PRACTICAL BEARING OF THE PREHEATING DATA. 


The question now arises: ‘‘/s the Proposed treatment 
practical?’’ ‘There are several points bearing on this mat- 
ter which should be understood in reaching a conclusion 
on this point: 

First, the preheating treatment found necessary in 
these clays is much more severe than that found necessary in 
any other case on record. It requires a temperature border- 
ing on or actually reaching redness. ’ 

Second, the different clays showed that the point at 
which over-burning and consequent total loss of plasticity 
occurs is perilously close to the point which must be reached 
to produce good results. In other words, the heat treat- 
ment needed seems a narrow zone of temperature. Be- 
low this, the treatment is ineffective, and above it, it spoils 
the clay very quickly. 

Third, this will always make the labor item in preheat- 
ing the clay somewhat costly because of the necessity for 
high-grade supervision and fine regulation. 

Fourth, Bleininger’s suggestion of the rotary kiln is the 
only one which seems to promise such accurate tempera- 
ture control as these clays seem to demand. The use of 
the rotary kiln should not be excessively costly, so far as 





UR, C. Purdy; Trans; Am: Cer. Socs§ Vol. LX, pp213245: 
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the interest on the investment and running expenses 
for power and fuel are concerned. The clays themselves 
will supply a part of the heat required by the burning out 
of the carbonaceous matter, and lignitic coals generally 
occur in connection with the clay strata under discussion. 

Fifth, it is highly likely that a period of expensive 
and costly experimenting would have to be passed through 
before any plant could be adjusted to give this preheating 
treatment with the desired accuracy. On the other hand, 
with money and intelligence, there seems a way opened to 
make use of these clays in an area where they would be of 
immense industrial importance. 

In the foregoing, no distinctly new contributions to 
knowledge are claimed. The main facts to be emphasized 
ares (rn) Lihat) the Bleininger preheating. treatment, 
to be operative with these clays, must be at temperatures 
far higher than he used. (2): That a loss of combined 
water is here recommended as a necessary step in the re- 
duction of the too great adhesiveness in these plastic 
clays. (3) That the elimination of the hydrocarbons 
of these clays is coincident with successful treatment, 
if not a necessary precedent thereto. 


DISCUSSION. 


Mr. Barringer: 1 would like to ask how you deter- 
mined and weighed the carbon. 

Mr. Orton: I employed a chemist, Mr. D. F. Dem- 
orest, to do the work for me. J warned him that there 
might be some carbon dioxide in the clay, and if it was 
there, that he must expel it by a dilute hydrochloric acid 
treatment, before making a carbon determination. He 
made his carbon determinations by combustion in oxygen, 
I believe, weighing the resultant CO, in potash bulbs. Re- 
garding the water, I told him I wanted him to determine 
real water and not loss on ignition, and I have confidence 
that he<did:so. 

Mr. E. Gates: We did some work on this on the Coast. 
It was a question between Mr. Moore and myself, after 
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treating one of these clays and mixing it, how long a tem- 
pered clay body may be allowed to stand before use. That 
is, if mixed and allowed to stand for a week, whether it 
would return to its former condition or not. 

Mr. Orton: Professor Bleininger has alluded to the 
fact that the improvement in drying from the preheating 
is the result of the lag with which water is taken up by the 
clay, and the difficulty with which water is passed through 
it before the preheating treatment, and the rapidity with 
which it was passed through it after treatment. Profes- 
sor Bleininger concluded, I believe, that the improvement 
consisted in taking advantage of this lag in water absorp- 
tion, but that the change in structure was not so drastic 
as to prevent the clay from ultimately resuming its former 
character. 

I do not think that this explanation will cover the 
situation disclosed by the figures submitted in my data. 
There we seem to have produced a change which is perma- 
nent. The carbon certainly could not be restored, and I 
do not think the water content would reassume the former 
amounts by any amount of wetting and drying out again. 

Mr. Bleininger: This paper is exceedingly interesting, 
and the work that Professor Orton has done in carrying 
up the temperature as high as he has, was certainly neces- 
sary, and I am very glad that he has done it. I think 
he has proven beautifully the change in the content of the 
combined water, and it is evident also that the carbon 
elimination has been of influence on the structure. In 
how far we can lay the difficulty in working to the carbon 
itself, is a problem. It has been a great pleasure to hear 
Prof. Orton’s paper. 

Mr. Orton: We have heated some of the clay up to 
temperatures as great as those at which this actual de- 
carbonization was effected, and yet not kept the treatment 
up long enough to get the change in color. Where we 
did not get the change in color, we did not get the beneficial 
results. It appears that the carbon must be expelled in 
order to get the desired result. It may be that the carbon is 
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merely acting as an indicator, and that the change which 
really does the work is the loss in water in the base of the 
clay. That point will have to be proven before it can be 
accepted. | 

We find that if we take a portion of the clay, correctly 
treated, and mix with it a portion of clay which is wnder- 
treated, and a portion of clay which has been over-treated, 
1. e., heated to a still higher temperature, but still not 
burned clear of the carbon, that we get back into drying 
troubles again at once. It seems that only a small amount 
of clay in which the dark color still exists may be present 
without occasioning cracking trouble. 

Mr. Lovejoy: We are up against the same problem, 
and we hope the thing will be carried out commercially 
some time within the year. We found in a particular 
case that we could dry the stuff successfully by mixing the 
dehydrated clay with the raw clay in percentages of half 
and half. We do not know how much lower than this 
we can go—this being the limit of our experiment. 

Mr. Barringer: What do you mean by dehydrated 
clay? 

Mr. Lovejoy: Unfortunately, I do not know the per- 
centage of dehydration. We instructed our clients to put 
enough clay for a commercial test of top of an up-draft 
kiln while it was cooling. How much dehydration they 
got,I do not know. They reported that the bricks went 
through the drying and burning safely, and the resulting 
product was very satisfactory. Just before I left, we got 
the results of the laboratory tests previously mentioned, 
and we dried the wares successfully from a mixture of 
raw clay with dehydrated clay, so we have not only the 
laboratory test but also a practical yard test. 

Mr. Barringer: Do you mean in the laboratory test 
that you mixed the raw and dehydrated, and that the dehy- 
drated clay was actually dehydrated? 

Mr. Lovejoy: I do not know to what extent it was 
dehydrated. I simply know the clay that was put through 
that particular heating treatment and carried up to the 
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highest temperatures we have been using in these tests, 
and given time, we probably went beyond the tempera- 
tures that we had in those original treatments, and per- 
haps above the temperatures that we had in the rotaries, 
probably more fully dehydrated than any of these. But 
the dehydration was sufficient to overcome the trouble 
with the raw clay so that it seems likely that by completely 
dehydrating the clay we can overcome the trouble. I 
know in one instance in the report of this same material 
it was said that by mixing grog with it to the extent of 
50 per cent. it could be dried safely. The grog in that case 
was made from different: material. 

Mr. Orton: Thoroughly detisiddtted’? 

Mr. Lovejoy: Thoroughly dehydrated, so that addi- 
tion of grog seems to overcome the trouble. The addi- 
tion of sand had little effect. We made a practical test of 
the clay alone and the bricks cracked like a war map be- 
fore we could get them into the drier. They even cracked 
on the cutting table. In five minutes after the bricks 
came from the cutter, they would be completely covered 
with cracks. We mixed the clay with 30 per cent. sand 
and it helped to the extent that we could get the bricks 
from the machine to the drier, but in fifteen minutes 
the bricks containing sand were as bad as the raw clay 
bricks, so that the mixture of sand did not help much. 

Mr. Bleininger: The reason we did not go higher 
with our clay was that most of our clays became grog-like 
in character and were no longer sufficiently plastic. All 
of our clays, therefore, were treated at these lower tem- 
peratures. We observed in each and every case that the 
color of the clay changed. That probably is due to the 
iron itself as very likely the carbon is not eliminated, at 
least at the lower temperatures. 

Mr. W. D. Gates: Something over twenty-five years 
ago, we were using a red clay that we were grinding. Every 
bit was wet and we had to dry it. We constructed a series 
of coils on which we heated the clay until it developed a 
reddish tinge. It was then ground and placed in bins. In 
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later years we found out why we had been successful with 
our clay handled in that way, but we did not know at the 
time. 

Mr. Keele: Professor Orton’s paper is of peculiar 
interest to me, because just now we are struggling with 
similar difficulties in clays, which occur over a large area 
of the Canadian Northwest. 

Although our shales or clays that cracked while dry- 
ing were mostly from- Tertiary strata, we also found, in 
two instances, shales from the Cretaceous coal measures, 
which behaved quite as badly in this respect. 

Owing to the pressure due to greater depth at which 
the latter occur and the folding and faulting which the 
whole formation has undergone, it might reasonably be 
expected that these causes would result in a partial de- 
hydration of the clay or shale, or at least tend to destroy 
the colloid matter in them. 

These two Cretaceous shales, however, were exceed- 
ingly plastic and sticky when wet, and cracked as quickly, 
after being set to dry, as any of the Tertiary clays. 

In the experiments undertaken to deal with these 
drying defects, we also tried various substances, and found 
that 1 to 2 per cent. of hydrochloric acid added to the 
mixing water, or 1 per cent. of common salt added to the 
clay, would generally cure the worst cases of cracking. 

The clays treated in this way would not stand fast 
drying, but would dry in the ordinary room temperatures 
without checking. 

There was a slight efflorescence on some of the test 
pieces after drying, but some clays did not show this at 
all. The fire tests are not advanced enough yet to show 
how the burned ware will be affected by the addition of 
salt. 

In the preheating experiments, some of the clays had 
to be heated to 500° C. before they could be dried after 
wet moulding. 

Mr. Knote: As to adding salt to the clay, I tried 
a very brief experiment on that. My idea was to add 
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some salt or sodium carbonate to the clay, which scummed 
very badly, and in several trials the scum was materially 
reduced and had a slight elazevon = thesuriace.” think 
the gentleman will find that his trials come out in that way. 

Mr. Barringer: It seems to me that there is certainly 
a real trouble from all the evidence we have had, and that 
some such treatment as has been outlined will probably be 
necessary. Mr. Lovejoy, do you think it would be prac- 
tical to employ the waste heat of -kilns in accomplishing 
the partial dehydration of clays as suggested? 

Mr. Lovejoy: J doubt if we can get sufficient tem- 
perature from waste heat to overcome the trouble, and I 
also doubt if we can control the temperature sufficiently to 
get satisfactory results. 

When you consider that we must reach a tempera- 
ture between 400° C. and 500° C.—almost red heat—and 
that this temperature must be maintained day ard night, 
the use of waste heat from our kilns, either that of com- 
bustion or cooling, is very questionable. 

We must control the temperature within a limited 
degree—how limited we do not know—but we must de- 
stroy enough plasticity to make the ware safe drying and 
at the same time retain enough to form the ware. 

Our dehydration problem resembles the old Bessemer 
converter problem of oxidation. 

If the limits within which we must work are close, and if, 
further, complete dehydration of a portion of the clay 
will accomplish the same purpose, it seems to us that the 
latter method is the most practical, and for this work 
waste heat would not be adequate except perhaps the 
waste heat from combustion. 

We can readily maintain the temperature required for 
complete dehydration in a direct fired rotary drier, and 
the cost would not be prohibitive, especially in the district 
under discussion, where fuel is close at hand and where 
the price of common bricks will readily stand the expense. 

Clays can be dried in a rotary drier at a nominal ex- 
pense, and the heating up of the clay after it is dry will be 
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but a slight addition to the cost, since the specific heat of 
clay is only about one-fifth that of water. 

If the problem can be solved by completely dehydra- 
ting a portion of the clay, and mixing with raw clay, the 
solution is quite simple. 

The dehydration could be done either in rotary kilns 
or in vertical kilns such as are used for calcining. We 
have a wide range from complete dehydration to sintering 
within which we may work. 

Mr. Bleininger: The rotary drier in any case would 
have to be operated at a red heat, since the rate of passage 
would determine the temperature of the clay. 

Some years ago, I made a study of this question, and 
from what I know of the operation of clay driers, it should 
not be a very difficult problem, especially since nowadays 
they are beginning to operate them with mechanical stokers. 
In the experiments made at Pittsburg it was found that we 
could maintain the same temperature for days in a me- 
chanical stoker furnace with a very reasonable degree of 
accuracy, using very ordinary help. Care was taken in 
these experiments to employ men who had no training, 
who knew very little about mechanical stokers. 


SOME OBSERVATIONS ON THE QUALITIES OF PAVING 
BRICKS. 


~ By Epwarp Orron, Jr., Columbus, Ohio. 


In the autumn of 1909, the National Paving Brick 
Manufacturers’ Association’ caused an investigation of 
the rattler test as applied to paving bricks to be made, 
with intent to discover the causes of the wide discrepancies 
found between the results obtained by different engineers 
and brick testers. The rattler test, as set forth in specifica- 
tions by the National Brick Manufacturers’ Association in 
1901, had been in use 8 years or more without any sub- 
stantial alteration, but at no time since the adoption of 
the test had it been usual to find close concordance be- 
tween different laboratories when testing the same ma- 
terial, and these differences in some cases were so great as 
to impair the confidence of both manufacturers and con- 
sumers in the value of the test. The convenience of the 
rattler test, its already wide adoption, its demand for 
the same qualities which are demanded by street wear, all 
united to make its retention of importance. 

The failure to check was attributable to the laxity of 
the original specifications, which permitted the use of 
variously designed machines, differing even in details 
of construction in the revolving barrel itself, as well as 
giving too wide discretion in the matter of speed of rota- 
tion, renewals, physical properties of shots, constitution 
of charge, weighing of fragments, etc. The new effort 
was to be directed to the removal of this laxity, and to so 
tie down the operators that if they followed the rules of 
the test, they could not vary in result, except in so far as 
the material itself varies. 

In February, 1910, the writer, learning of this inves- 
tigation, proposed to the officers of this Association to co- 
operate with them in carrying the study through. The 
idea advanced was to make all studies in duplicate, in two 


1 Not to be confused with the National Brick Manufacturers’ Association, 
which is an entirely different body. 
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different laboratories, and then, by exchange of data, find 
and eliminate the causes of variation. This proposal in- 
volved the entire independence of each laboratory, each 
to pay its own costs, except that the machine for making 
the tests, and the samples to be tested, should be furnished 
by the Association. This proposal was accepted and a 
long and costly investigation made. Mr. Marion W. 
Blair was appointed by the Association to take charge of 
their portion of the work and continued in charge to the 
end. The writer desires at this point to acknowledge his 
indebtedness to Mr. Blair for many suggestions during 
the course of the work. 


In planning the investigation to be made, the primary 
object was to define the rattler test as a test, and eliminate 
its causes of variation, but a secondary object entered in, 
viz., to study paving bricks as such, and learn what degree 
of variability to expect in the material and from what 
causes it comes. The results of the first part of the study, 
with improved specifications for the rattler test, have been 
transmitted to another organization.’ 


The results of the second part are presented herewith. 
In. preparing this second study, the writer has used the 
data obtained from his own laboratory only. An equal 
amount of work was done by Mr. Blair in his laboratory, 
and this data could have been included in this study had 
it been deemed desirable. To have done so would have 
doubled the mass of data without altering the conclusions 
here reached. 


. LINES OF STUDY UNDERTAKEN. 


The following lines of study were taken up: 

First, what differences in mean rattling strength should 
be expected in first-class paving bricks due to the position 
of the sample in the kiln? 

Second, in first-class paving bricks of the same make, 


1 American Society for Testing Materials, Vol. XI. Joint paper by 
Marion W. Blair and Edward Orton, Jr. 
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and which have had the same burning treatment, what 
variation in rattling strength should be expected from 
structural differences and concealed defects? 

Third, among different brands of paving bricks hav- 
ing a reputation for good quality and which have been in 
use for 10 years or more in the streets of many cities, what 
variation may be expected in their ability to withstand 
thesrattienstese: 


NATURE AND RESULTS OF THE EXPERIMENTS 
PERFORMED. 

Four samples, designated successively Series A, E, 
F and G, consisting of 2100 bricks each, were selected by 
Mr. Blair. In each case these were taken from one kiln 
at the factory where made, and seven hundred of each 
sample were chosen to represent the. upper third of the 
kiln; seven hundred to represent the middle third and _ the 
remaining seven hundred the lower third of the kiln. 
These respective portions were taken from a com- 
pact block or area of apparently uniform hardness and the 
samples were chosen to represent the best material in 
their respective levels of the kiln. 

Each large sample was then marked, loaded into a car 
and shipped at full car rates, to avoid danger of mixing in 
handling. One-half of each lot of each bench was taken 
at one laboratory and the balance went to the other. Each 
laboratory, therefore, received 350 bricks from each bench 
of each sample, or 1050 in all. 

On receipt of these samples, they were housed, or 
placed in roofed piles, to prevent their becoming or remain- 
ing more than “air damp.” From each lot of 350 bricks, 
100 were taken at random, dried in a kiln 24 hours at a 
temperature not exceeding 200° C. nor less than 100° C., 
cooled, marked with numbers in white paint, weighed to 
the nearest one-hundredth of a pound, soaked in water 
for 48 hours, wiped and reweighed, the difference taken 
and per cent. absorbed calculated. The wet bricks were 
then dried out in the kiln as before, for 24: houts. 
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The absorption per cents. were then arranged in col- 
umn form, in order of numerical value. The ten highest 
were grouped together, and the ten lowest. The remain- 
ing eighty were then grouped in eight groups, so selected 
that every charge contained an assortment of bricks of 
which the average was within one or two hundredths per 
cent. of every other charge. Two sample charges are 
shown herewith, to illustrate. 




















Table. I. 
Absorption Per Cents. 
No. of brick Charge I. | Charge 2 

RUN ae NNO Bt, SCE ee Pa ae | 0.33 | On? 
ees Re Nit EN Ra wee a als | 0.42 0.42 
ROWERS TESA Cranks teem et ah ae ctecey es 0.59 0.52 
DIR Sreerij bt Gee NERS oN os Sree hes 0262 0.62 
Ben Pict iea-Fe) ot eon ror oe os oma Roa 0.82 0.83 
(Saran Me Mee AL ate RLS ee Pave es | 0.92 0.92 
edie c tae Recah en stave Fe, RT ea I .0O | 1.04 
Rei iaied: HRN Se ats. Ge nea ments Ls Terk 
aries t es ehtita y doer nate PAG | 1.43 
CRO ea ie. Os bd eur & eee ay ane 1.62 | 1.43 
IRV OTA SOL ac dre tees a) Sina diessiens 0.88 | 0.87 





These eight charges were then divided into two lots 
of four each, to each of which one of the two extra charges was 
given. One lot contained 4 average charges and the charge 
of highest absorption out of the one hundred bricks under 
classification, and the other lot contained four average 
charges and the charge of lowest absorption. One lot was 
given the rattler test with cubic shot and the other with 
spherical shot. 

From the remaining 250 bricks of each lot, 100 more 
were taken and divided up into 10 charges at random. 
These 10 charges were then rattled, 5 with the cubic shot 
and 5 with spherical shot. 

From the remaining 150 bricks, 75 more were taken 
and divided into 5 charges of 15 each, and these were 
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rattled with no shot at all. The remaining 75 bricks were 
held back for extras, if needed. 

The rattler tests were thus made with cubic shot, 
spherical shot, and no shot, upon ungraded bricks, and 
with cubic shot and spherical shot upon bricks graded by 
the absorption test. This was done for all three benches 
of each kiln. The following scheme shows more clearly 
the plan of work: 






































Table II. 
se ; : am 
: |ge 
ojo {5% 
ace ce 
& (3) 
S joke 28, 
a }° os Ise 
6 | oe [ses 
ea eA 
Gubicshet \ Air-dry, “uneradedien toes: ra Spe Fae fe 50 
2 Graded by absorption. ..... SLO | 50 
Top zone . | Spherical shot § Air-dry, ungraded. Peer iar S18 5110 | 50 
)Graded by absorption. ..... tah BAS, 50 
| Without shot Ungraded by absorption... . fo 75 
| Cubic anne { Air-dry, ungraded.......... STO | 50 
) Graded by absorption. ..... ele LO 50 
Middle zone Spherical shot § Air-dry, WN GrAdeC ee can ee Gt elo 50 
| )Graded by absorption...... 5 LON sO 
Without shot Ungraded by absorption... . Cee Bes = ara 2 
Guten { Air-dry, Sbullig @ Ye (ova Wipgeay ews 5 io 50 
{Graded by absorption. ..... WN mee ts. 50 
Lower zone Spherical shot j Air-dry, ungraded tee. ig ae tS 50 
| {Graded by absorption...... ae pe ke, 50 
Without shot Ungraded by absorption... . Siyiitirg as 
TOtals cok igs. sin eect Penne ane eter ete ee earn 75 825 
Reserve supply of bricks to each investigator for his own 
use‘and foricheckinig 7 iin .-274 = hate a en eee ee 225 
Total bricks required per sample for each laboratory..... 1050 
q Pp p yi 5 
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The rattler tests were the standard, test of the N. B. 
M. A. in the case of the cubic shot, and in-the spherical shot 
tests, the only intentional variation was in the substitution 
of 14-inch spheres for the 14-inch cubes, -and 3-inch 
spheres for the 24 X 24 X 44 parallelograms. In each 
class, the weights of the small-sized and large-sized shots 
were the same. All the other conditions of each test were 
kept as nearly identical as possible. In part of Series A 
and E, a new variety of stave was tried as noted in the 
foot-notes. In Series C, also a new set of staves of the 
original type was used: 
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Table III. Series A. 


Lower Bench. 



































Charges graded by absorption Charges ungraded by absorption 
See agate ae 3 E 3 
= Pa 2G oa. 6 i 
= Q Qu ite} 3 Ce ° 
Oo < n < (6) n Z 
18.57 oy 20.64 1.25 20.86 22.58 263.25, 
18.84 2 20.19 Eep22 22.05 2302 25225 
13.518 Pe2 2h 20 125, 18.86 24.14 2532 
16.87 E.2 20.08 F224 20.18 24.06 22.98 
17.92 Ceo Ti e2nO9 Ba) wy aroy 23.68 25.85 
Av. 18.07 | 20.97 | 20.76 23.54 | 25 12 











Middle Bench. 





Or 17.96 18.08 22.05 24.84 





















































17276 I 1.03 | 

16.15 I.O1 18.03 1.00 || LO. 7 A. 22552 OD ree 

15.93 10% 19.15 0.99 || 19.30 23228 21.58 

15 24 1.O1 i722 £201 18.30 21.01 23507 

Tory 0 1.66 18.25 0:58 ‘Il* 20742 20.92 24.44 

Av. | 16.65 | {S12 | | 18.97 | 21.95 Oe Wo 4 
Upper bench. 

17.89 1.75 1774 1.75 20.48 234% 2229 

16.20 1775 19.2 L275 18.36 22.84 21.88 

18.41 Dos 19.28 | rors 21E53 Dh PRe, 23.55 

18.14 Dey 5 19.25 £5 19.47 2 Ak'7 23.02 

20 (08 aes 2Ot 57202) aeOug i 20,12 23.33 22 

Av. | 18.28 | | 18.48 | 19.99 | 23.40 | 22.65 





1 The 15 tests in these columns were made with the old form of channel 
steel staves, in badly distorted condition from warpage. The other tests of 
this series were made with a lined channel steel stave in good condition. 
Comparisons cannot be drawn between different columns, and only between 
the different tests of one column at a time. 
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Table IV. Series E. 
Lower bench. 




















































































































Charges graded by absorption Charges ungraded by absorption 
3 be 3 Se e a 
a ao =, ag ae 3 
S a a a 3 Q ° 
oO < n < oO 77) Z 
18.42 2.01 20.19 DaGt 19.54 24.63 25.80 
13073 2. Q2 20.87 2.91 20.43 22053 26.14 
17.80 202 20.33 2. OL 19.19 24.44 26.66 
18.59 2.91 20.15 251 2UeOy 22.97 24.78 
16.55 0.96 22) 750 4.41 19.62 23024 a 25 122 
Av. | LODO | || 20.85 | | 20.15 | Pe TS 8) | 25.72 
Middle Bench. 
5330 a2? 18.81 ri23 TSe3t 19.18 Pe es OM 
15.49 1.20 19). 3% 923 18.43 227 00 2207 4 
15.98 bea 18.52 ih ier 17.03 21.58 23.51 
17 GO Peo 18.96 Boot 19.64 21.34 Peas) 
18.88 3.64 16.84 0.55 18.57 20.97 PIA: 
Av. 16.61 | 18.49 | 18434 | v2mo6 23.005 
Upper Bench. 
16.78 0.94 yee 0.94 15 72 16.86 Daa? 
16.574 0.94 Vy7e72 0.94 16.79 18.59 20.96 
Lana 0.94 L784 0.94 14.41 17.85 21 TA46 
1o232 0.94 17.58 0.94 16.24) 17.88 22505 
17 .45- 1.84 TOSLL . 20255 16.31 L704 19.83 
Av. F TOa5 7, | | 17.26 | 15.85 | years | 2.26 





"The 10 tests represented by the Lower and Middle benches of these 
columns were made with the old form of channel steel staves, in badly dis- 
torted condition from warpage. The other tests, representing the Upper 
bench in the columns, and the other three columns complete, were made 
with a lined channel steel stave in good condition. Comparisons can only 
be drawn between the different tests in one column, and in this instance not 
quite a complete column is comparable. 
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._ Table V. Series F. 


Lower Bench. 



















































































Charges graded by absorption Charges ungraded by absorption 
we) oS Cen pe + ~ 
Agta che, Wis g if 
ureters. cee lk. o 2 
= 7) a C8) 

Be 1 BOO ll te ee obi Midis ac : 
O < D < O D Zz 

14.67 i385 1774 1.38 15.92.14 21-40 22 ALO 

O27 De ty 19.30 tg 16.38 20.58 22.46 

TOs ps 30 19.20 1.40 15.29 20.18 Zee 

i popes 2 1.39 20.63 Eee) 16.36 2222 RID ye} 

~ 18.80 0.67 19°21 1.88 life iy yp alma es tT 23720 

Av. 16.84 I tg Sor || 16.52 20.66 22.68 
Middle Bench. 

14.88 0.82 19.18 0.82 LO201ia el Os75 21 .62 

16.24 0.81 17.81 0.81 16.58+| ‘20.08 21793 

16.50 0.82 19.02 0.84 16.94 19.60 19.80 

15.36 0.82 18.70 0.82 15.83 | 19.00 | 19.00 

14.61 0530 20.75 1.44 17 50 Hn 2On0% 20.23 

Av. 15.52 | 19.09 | : | POROO EN Gp LORS. 20551 
Upper Bench. 

18.90 | 0.88 22 O04 0.88 || 18.16 | 20.00 23.55 

16.86 0.87 23.575 0.92 18.59 ‘| 20.80 25iee 

17205; 0.93 19.69 0.89 20.40 | 22.55 24°61 

18.59 0.91 20.28 0.89 10,88: 4), 20,20 22.49 

Les kee Te SO atl oes O26 16.66 DI A511 

Av. 18.30 | 20.81 | 18374 21.05 24.19 
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Table VI. Series G. 


Lower Bench. 

































































Charges graded by absorption per cent. Charges ungraded by by absorption 
2 29 5 2G 2 5 

é aia Al tage thee analogs : 53 E 

a 7) ¥ ou = w 

Seat Sec Mee AT le BE 2 
| 15203 | I.0O \| LO1o2 | 1.00 | 16.81 | 19.91 23.03 
| 16.27, | 0.98 19.30 1201 | £7226 | 19.06 | 226% 
| 16.92 | 0.98 21212 ‘econ | 17.08 | 19.08 | 21.88 
| 16.83 | 0.98 || 19.67 | 1.02 | iybagyt 2102 | 22926 
| L535 | 1.40 | 21.69 | 0.36 19.44 20.05 | 2208 

Av. | 16.40 . | 20532 | 17.58 | 19.82 | TA 
Middle Bench. 
| 17.35 | 1.16 | ZO? | Tete | 16.60 | 19% 71 | 23505 
| 17.07 | Las | 21s | EeTA | Tc A7 | 2313 | 23.96 
| 17.96 | Dera \| 21.85 | 1.16 | 18.83 | 2219 | 25.04 
| 17298 | Bs | 20.39 | TE | 17°65 | 20.76 | 22 sine 
‘ | 17.96 0.49: ||, 2G: e | 2.48 | 18.56 | 22.05 | 2A 13 
Av. | 17.78 ae 8 | || ILS2 | 21.36 | 23.69 
Upper Bench. 

| 18.87 | 1.56 | 22:06 | 1.58 | On7 4 | 22aO2 | 24.19 
ES). 70 | 1.57 | 21.40 | 1.58 | 17 #43 | 22, 31 | 24.720 
| E729 | 1.55 | 21:51 | 1.56 \| 17.55 | 22.55 | 24.45 
| 17.64 | 555 | 21120 | 1.58 | 16.72 | 22°-60 | 24.42 
Secta 2090 | 2.42 | 21..6G | 0.94 | 17-325 | 22 30 | 24.2 
Av. | 18.66 | 2125 ea | (7 s14 | 2061 | 2A NAS 





In addition to the above four series, another sample, 
designated Series C, selected exactly as before, was tested 
in like manner, except that the grading of the 100 bricks 
_ by absorption was abandoned, and a new set of staves was 
used, of the same variety as used in the four preceding 
Series. 
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Table VII. Series C. 
Lower Bench. 


























Cubic shot | Spherical shot No shot 
22.96 | 22°53 20:17 
21.84 23.23 27.78 
21.94 | 22700 Pei 
20.74 | 2Ue tA | Pg ete 
22,,90 | 22.36 | 27270 
21,40 | 22.60 
21.87 | 23.81 
20.40 21.86 
21:81 | 237-73 | 
21e52 23.58 
Average, 21.71 | 22.76 | 2727 
Middle Bench. 
22.13 | 24.76 | 26.66 
24.34 22.69 28.91 
22eLk | 2271S | 26.2 
23537 | 2242 | 28.46 
23.00 | 24.18 | 26.91 
21.01 | 20.71 : 
23,01 22754 | 
24.62 | 21.94 | 
26.11 | 22.69 | 
24.93 21.75 | ne: 
Average, 23.67 | 2270 | 272A 
Upper Bench. 
22302 | 21.59 25 95 
21203 | Doe 2577 
23175 | Die 7A 26.09 
21.15 POO 251792 
21.02 22231 
22335 22°25 
age 23.10 
Average, 21.93 | 22 25 | 25074 -1 
- Series D. Series D was taken from a loaded car 
and did not represent grading as to level in the kiln. It. 


merely represented the rejection of seconds and culls, 
according to the usual visual standards. 


In place of 2100, 
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3000 were taken, giving each operator 1500. These were 
used without grading by absorption in a series of tests at 
10 brick per charge. One point to be determined in these 
series was the influence of the composition of the iron in 
the shots. Shots of the spherical shape only were used in 
making. this comparison. Another point upon which evi- 
dence was sought was the influence of various types of 
staves, and in these tests, the shots were kept uniform in 
quality and shape and the staves were the only variable. 
Altogether, in this series, 130 charges were tested by each oper- 
ator using 1300 bricks each. ‘Tables VIII and IX give these data: 


Table VIII. 













































































Ap telat Ae Ee Shot ne 2 aie Ne. 3 shit Ne 4% een S 5 
21.06 | 20.25 2r.78 24.25 21.47 
23.06 21.50 22573 22,24, e.9 OAG 
20.96 22.05 Do ig 21278 22.58 
2A .31 19.24 22°30 23.20 21.94 
23.63 22:96 ag? Tare | 24.40 As 
24.60 22.06 211 2a a 2IAG 
23°37 21.08 20.95 24.29 24.00 
22.58 2549 PAM os: ZLST2 21.80 
26.41 22518 20.79 2202 22-61 
23.63 21.98 19.57 24.60 2Ae One 
Average, 23.37 2ICAT 21 Aja ale 23.60 | 2 22.60) 
Table IX. 
Using Using Using Using Using Using 
Using stave No. I stave stave stave stave stave stave 
No. 2 No. 3 No. 4 No.5 No. 6 No. 7 
Le ee 
21.06 | 2Iev4Ooe| 20749 | 20.45 | 20237 | 19.39 | 20.61 
23.06 | 2 22035 | 2U272 Te S28, | 19.43 | 20,13 
20.96 | 2127 | 22513 | 22 sO1 20.78 | 19.47 | 21,03 
FART OM 2 To 5 7 | 22,02 | 22 AT | 2.01 | 20.64 | 21.55 
23,203. | 22.01 | 220) | 2512 | 23.44 | 2E SVB i20. 43 
24.60 | 22207. 122.22 | 20.49 | 20525 | 21 <41 i 20,00 
D2 27IN 22.05 1\5202 00" | 122.00 | 2115 | 17.69 | 20.05 
22058 M28 .0b. | 20.54) 25012 |) 20.07 | PR WAITA | 212s 
DOME). 250 Od. 222 1O 31522) 48 2\9 20255 | 19.65, \° 20.84 
BR O38 T5232 230) ie 3200 22543 | 20.76 | 19.62 1973 
Average, 23.37 | 22-59 | 21.97 | 22-49 | 24)012 | 19.96 | 20.65 
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Tentative Standard Series. At the conclusion of these 
tests, a tentative standard process was formulated, using 
the information which had been gained as to types of shot 
and types of staves, and 10 brands of bricks, with 10 charges 
of each brand, were now run by the proposed process. 

The samples used in these 10 comparisons were in 
part what was left of the Series A, C, E, F and G, together 
with five new lots, designated as F2, H, K, M and P, re- 
spectively. These lots were mostly selected by the manu- 
facturers and represented what they thought was their 
best material, but it does not represent any special bench 
in a kiln, nor was it necessarily chosen from any single 
kiln. Lot F2 was selected from a street delivery. Tables 
X and XT give these data: , 


Table X. 


Tests Made by the Revised or Tentative Standard Rattler Process. 























Series A Series C Series E Series F [Series F2 
18.78 23.80 18.55 Gi Baie | 17.25 
20.06 24.44 £8322 18.44 16.94 
20.24 23305 20.09 18.75 1927 
18.7.2 24.97 18.08 18.63 17.55 
19.47 24.49 19.02 17.99 18.92 
19.26 18.83 Lip ei 16.65 
18.96 19.60 17.48 15.86 
19.89 20.54 19.51 15.44 
20.38 20,.57- Loe7zo 15.65 
QO 19.37 by erg | 18.46 

















"Average, 19.59 | 24.33 | 19.31 | 18.20 [37.19 
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Table XI. 

Series G Series H Series K Series M Series P 
19.14 25.67 20.30 18.41 16.40 
17.90 | 30.47 nome. 18.08 16.46 
18.45 Bones 17.68 20836 16.81 
18.24 25.66 19.42 18.40 17.40 
18.60 29:76 18.97 18.78 16.84 
19.58 23:33 17-59 19 .64 
18.53 25°07 20). 23 ye A 
19.35 28:34 18.57 19.25 
19.13 29.44 18.46 18.38 
18.81 20425 19.63 20.20 

Average, 18.77 | BAS 18.92 19.07 16.78 








The foregoing tables, containing the results of 585 
tests, represent that part of the data produced by the 
writer in the joint investigation. As explained previously, 
Mr. Blair’s portion is not used in this study. 

It will also be understood that comparisons between 
the different kinds of shots, or between different lots of 
the same shots, or between the different kinds of staves, 
cannot safely be made in the foregoing, because the condi- 
tions governing that portion of the work have not been 
set forth here. The conditions in any one vertical column 
of figures are consistent and comparable, except where indi- 
cated otherwise, but from column to column, they are 
not always so. Hence. the only conclusions which should 
here be drawn are those based on a study of the uniformity 
of the material, as disclosed by the different sorts of tests 
applied. 


I, INFLUENCE OF POSITION IN THE KILN. 


The popular conception of engineers and brick users, 
and possibly some brick manufacturers also, is that any 
single brand of paving brick has a characteristic quality 
inherently its own, and that when a bid to supply paving 
bricks is made by a brickmaker, and a sample is filed and 
tested, and a contract is let upon that bid, the brickmaker 


® 
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should deliver material which, on test, will show the same 
figures as the sample submitted. In many cases great in- 
justice has been done to brickmakers by a too literal ap- 
plication of this conception by engineers, directors of pub- 
lic improvements and similar officials. 

The general idea outlined above has a foundation of 
truth. A paving brick clay does tend to produce a charac- 
teristic product. The product of one clay zs inherently 
better or worse than another. Some clays produce brit- 
tle, dense, glassy products; others soft, punky products; 
others hard, stony, tough products; and so on, with innum- 
erable gradations between these types. Bug thentaee ato 
to be borne in mind in this connection is that these inherent 
or characteristic qualities are much disguised or concealed 
by two sets of factors—variation in burring treatment, 
which may or may not have been the best, and variation in 
structure due to the flow, under pressure, of clay through 
the die of the brick machine. 

In any given clay, the temperature range over which 
its qualities remain at their best, or close to it, is of the 
utmost importance. In some few clays this range in heat 
treatment is quite wide, and but little difference in quality 
is found from top to bottom of a kiln. In many more, 
this heat range is rather close, and either a little over or 
under the best point will show at once on the product 
and any wide departure will discredit the material at once. 
In some other clays, the available heat range is so very 
narrow that the material cannot be worked for vitrified 
goods profitably at ail. 

It is of course well recognized that in any kiln there 
may be zones or areas in which the distribution of the heat 
is not good, and the product may be either over- or under- 
fired in consequence. The question upon which light is 
here being sought is to what extent does the quality of 
paving material vary in kilns that are well burned, and 
which manufacturers would put forward as good? It is 
not to find out how much un-uniformity one may find in 
a kiln of paving bricks, by hunting out the hot spots and 


SOME OBSERVATIONS ON THE QUALITIES OF PAVING BRICKS. 807 


cold spots, but rather how much uniformity may one find 
under good working conditions? 

With this in view, the data presented in Series A, E, 
F, G and C were analyzed with care. The remaining 
data gave no evidence on this point. 














Table XII. 
Averages of Each Series by Benches. 
Series A. 
Graded charges! Ungraded charges? 
Cubic shot Spherical shot 


Bench of kiln 
Cubic Spheri- 



































Rattler |Absorp-| Rattler |Absorp- oe a Re ae 
tion tion 
= ie ie CRIS esa | é pene tee We eer ee dl f ¥ 
Lowerticg 5: Beit | 1.24 | 20.56 | F224 | 20.376 | 23.54 | 25512 
Middle.... | 16727~ | HiO1 | Tor OO 6 a1. OL ott O7, oT .O5e ma aaos 
Upper tor. | 17.66 1.75 | 18.85 75 LO. O90 1°23 AO ta ao.05 





This brick was fired in kilns of the down-draft type. 
The center of the kiln yields consistently the better ware 
in four out of five comparisons. This indicates that the 
upper ware was slightly over-fired, for its absorption per 
cents. are higher as well as its rattler losses, such as would 
ensue from a slightly spongy structure. The lower ware 
is probably higher in rattler losses from a slightly less com- 
plete vitrification, as indicated by its slightly higher ab- 
sorption per cent., though the difference is seemingly 
(illinves glippue «case of. the no ‘shot charge,” the upper 
bench yields a little better figures than the middle. This 
may be due to the superior activity of an iron shot charge 
over brick-on-brick in attacking a spongy exterior struc- 
ture caused by over-fire, or it may be an accidental figure, 
caused by one erratic result in an average of only five tests. 





1 Average of 4 tests only. The charges representing the 10 highest and 
10 lowest absorptions in 100 bricks were discarded in this comparison. 

2 Average of 5 tests each. Their average absorption cannot possibly 
vary by more than very small amounts from the averages given in the graded 
series. 
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Table XIII. 
_ Series E. 
Graded charges! Ungraded charges? 
Cubic shot _ Spherical shot 


Bench of kiln 





LE Cubic Spheri- 
shot | calshot | N° shot 
Rattler |Absorp-| Rattler |Absorp- 
tion tion 








Lower .... | 18.38 | 


2502 | 20.38 | eT 20.15 | 23.56 | 25.70 
Middle. ... | 16.05 | 221 | 18.90 | 122 | T3034 | 2106" 323505 
Upper... | 16.29 | 0.94 | 175 | 0.94 | 15.85° | 17 2762 2TeeG 


TS 





This ware was firedin down-draft kilns. Itisapparently 
not over-fired in the upper zone of the kiln, for its absorp- 
tion per cent. and rattling strength both indicate a slight 
superiority over the middle, and a decided superiority 
over the bottom benches. These relations hold in four 
out of the five comparisons and in the fifth the differences 
are so small as to be of little significance. 


Table XIV, 
Series F, 











Graded charges4 Ungraded charges ® 








Bench of kiln Cubic shot Spherical shot 
is aoa ; | Cubic | Spheri- 

shot cal shot 
Rattler |Absorp-| Rattler lees 


tion 1 





No shot 








Lower oreo} | LOn35 1.38 TO.22 | 130 
Middle. ... | 15.74. | 0-52. 18508 
Upper . 7». | 18.00 | 0.89 | 21.44 


| 16.52% |) 20.00") 222) 08 
0.82 16.69% |"19.84 207 51 
0.89 POe7A. | 2IVOR a 1G 














1 Averages of 4 tests only. The two charges representing the 10 highest 
and 10 lowest absorption figures were discarded. 

> Averages of 5 tests each. 

’ Made with different staves than the two other benches. This magni- 
fied the difference somewhat. 

‘ Averages of 4 tests only. The two charges representing the 1o highest 
and 10 lowest absorption figures were discarded. 

5 Averages of 5 tests each. 
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In four out of five comparisons, the middle of the kiln 
yields the best material. In one comparison, the lower 
bench surpasses the middle by a few hundredths. This 
material is fired in down-draft kilns and the clay requires 
a high temperature to bring it to vitrification. Forcing 
the fires, in order to get the bottom hard enough, results 
in damage to the upper portion, as is very clearly shown 
above. The damage, however, is not by production of 
spongy structure to any serious extent, but comes about 
from brittleness chiefly. 














Table XV. 
Series G. 
Graded charges! Ungraded charges? 
Cubic shot Spherical shot 


Bench of kiln 





a aD ears Cubic Spheri- 

shot cal shot No shot 
Rattler |Absorp-| Rattler |Absorp- 
tion tion 

















Power... Torah VOCOGn 12 1-05") 1.08 “17. 58 | 














19.82 22:74 
Middle. ... LZ ators oh SEOs sl Tera et 82. ch Ty 26s (2235 GG 
Upper .... PS ceeq ee. 501 glide O ashe 1h 7 Tv V Aero 3 Lie Aas 





The ware represented in these tests was fired in a 
kiln of horizontal draft. The fire holes deliver their heated 
gases near the floor, and this is illustrated nicely in four out 
of the five comparisons here made. The top ware in this 
kiln is the softest ware. 





























“ Table XVI. 
Series C. 

Cubic shot Spherical shot No shot 
Bench of kiln 

10 charges 10 charges 5 charges 
LOWer ee oer Pay Bi 23:76 272 
MidGletsacsas axe: | oO, 22779 27.45 
WO Deh cre eens pat 2103 2325 25-74 











1 Averages of 4 tests only. The two charges representing the 10 highest 
and 10 lowest absorption figures were discarded. 
2 Averages of 5 tests. 
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No absorption tests were made upon this material. It 
was burned in down-draft kilns, but did not attain as high 
a degree of vitrification as most of the preceding samples 
did. Its top portion is a little better than the middle 
and lower benches in all three comparisons, only one dis- 
cordant figure being noted and that for a few hundredths. 
While the rattling strength of this material is poorer than 
the preceding, its uniformity from bench to bench is very 
excellent indeed, and not surpassed by any brand tested. 

Summary of Section I.—Judging from these five brands 
of bricks, representing five factories in different parts of 
the country, each a successful and prominent one in its 
district, and representing different varieties of clays and 
different types of kilns, it is possible for paving brick 
makers to keep their product within an average fluctua- 
tion of 2 to 3 per cents. rattler loss, so far as differences 
in burning are concerned. Care must be taken that this 
statement is thoroughly understood. It applies to aver- 
ages only. The fluctuation of bricks in any one zone may 
greatly exceed this amount, as will be shown in the next 
section. In considering any small amount of data, the 
fluctuations of the individual charges are so great as to 
completely obscure the above relationship. But where 
averages of 5 or 6 tests of one bench can be compared 
against an equal quantity from another, the above prin- 
ciple seems to hold quite closely. 

It is not believed that the average performance of the 
average paving brick plant would show as small a fluctua- 
tion in its output as two or three per cent. due to varia- 
tions in their burning treatment, but the instances studied 
show what is being done among some of the better plants. 


II. VARIATION OF BRICKS OF THE SAME HARDNESS, 
DUE TO STRUCTURAL DEFECTS. 

In a bar of clay expressed from a brick machine, a 
considerable length, say 50 or 100 feet, will probably show 
all the important peculiarities of bar structure which can 
occur, at least those due to occur at any single temper of 
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Tieacla ye Vely. SOIL Obmextha: hard-temper might still 
iuecuer ivary tie «charactervor-the output... But.if one 
takes one short length of a clay bar, representing one brick, 
and compares it with another, cutfroma point a little further 
along in the same bar, the variation between the two may 
be considerable. One may possess laminations, dry spots, 
cavities, air blisters, surface cracks, etc., which the other 
does not show. In fact, no two seem exactly alike. 

It follows from this, that in any charge of ten bricks 
chosen for a rattler test, there is an assortment of some- 
what dissimilar units, and this dissimilarity is liable to 
cause the results to fluctuate rather widely, even when the 
burning treatment has been all that could be desired. 

With a view to finding out what variation in strength, 
as measured by loss in rattling, good paving bricks of 
uniform hardness show, the following data have been analyzed 
out of the tables given in Tables III to XI, inclusive: 

The Range is obtained by subtracting the minimum 
result from the maximum of the set. The Deviation is 
obtained by first calculating the mean of the set and then 
determining the differences between each observation 
and the mean. The sign of these differences (7. e., whether 
plus or minus) is ignored. The differences obtained are 
then averaged, and the figures thus obtained show in the 
given set of results how much any individual result is 
likely to deviate from the general average or mean. This 
term is not necessarily in close agreement with the ange 
between maximum and minimum, for one erratic result 
hMayemokertheylatter quite wide, but not: greatly: affect 
the average deviation from the mean. 

Tables XVII- X XIV give the results of this study: 
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Table XVII. 
Series A. 
. Cubic shot Spherical shot No shot 
Bench in kiln 
Total Average Total Average Total Average 
ranges |deviations | ranges |deviations | ranges | deviations 
Lowers ate 1.97 O55 2.6 | 0.80 | ee | 0.83 
3.19 0.99 1.56 | 0.51 | 
Middle 24x" OSG. ESO 103 | 0.46 3.26 iva 
DSi. On7i 2.236 | 0.79 | 
Upbete. tin 4.48 1:02 Qa2% 0.88 1.07 0.49 
3c ee anOlCo mee Oo) O77 
ANVCT Age a7. | | 2°20 | 0.69 | 
Table XVIII. » 
Series C. 
Cubic shot Spherical shot No shot 
Bench in kiln 
Total Average Total Average Total Average 
ranges |deviations| ranges |deviations| ranges | deviations 
LOWeG as : 2.09 0.54 2422 | 0.68 1-59 | 0.50 
1.95 0.71 Vege 0188 | 
Middle. «2: 2521 O.40 2.34 0.82 1262 0.99 
5.10 iea5 2.83 0.79 
Uppere is 1.08 0.34 277% 1.00 0.55 Oris 
Average ... | Bebo eae OTS 
Table XIX. 
Series E. 
Cubic shot Spherical shot No shot 
Bench in kiln %, 
Total Average Total Average Total Average 
ranges /|deviations| ranges j|deviations| ranges | deviations 
Lower 2als 0.68 pps 0.75 1.88 0.457 
Pea he) 0.82 2210 On/Ty 
Middle: 232s 25.52 1.20 g245 0.66 On 77 0.19 
2.61 0.58 2S Ona 
Wppereasce PED. 0.56 1.61 0.46 2.82 0.69 
eae ye) 0.71 re7s O14 | ae 
Average ... Da2h 0.64 | 
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Table XX. 
Series F. 
Cubic shot Spherical shot No shot 
Bench in kiln 
Total Average Total Average Total Average 
ranges |deviations| ranges /| deviations} ranges | deviations 
Lower ....'. AT ty, 83 2.89 0.59 1,07 0.28 
3.48 0.69 3-35 0.96 . 
Middle... .. 1.89 0.68 2.94 0.69 2.93 1.00 
1.07 0.42 E. 8S 0.48 
Der Asie 2.65 0.84 4.47 1.45 Fa 0.96 
BAe ark 2 2255 0.86 
Average. | | 3.00 0.84 
Table XXI. 
Series G. 
Cubic shot Spherical shot No shot 
Benchinkiln | 
Total Average Total Average Total Average 
ranges j|deviations| ranges /deviations; ranges | deviations 
OWEN Susu E20 0.38 Zing 0.87 205 0.55 
2.63 0.74 1.96 0.60 
Middle." 0.61 Ovrz Ceyey fy 2a50- 2.99 0.89 
pity +e: O.60re lr 3 a42 0.97 
Wopers. ie se 3.48 0.76 0.86 0.20 O430 0.09 
0.83 0.32 0.58 | naa 
Average ... | 3.09" | 0.90! 
Table XXII. 
Series D. 
All tests with spherical shot. 10 tests per set. 
Shot Shot Shot Shot Shot 
No. 1 No. 2 No. 3 No. 4 No. 5 
Motakrangesy we. stl. 5.45 2). 92 B15 2.94 | 2.96 
Average deviation | 
frOm meanie.. 205-7. bubs On77 0.65 0.84 0.93 








1 These figures are due to one very erratic result. Excluding this figure, 
on the presumption that there was something irregular about it, these values 
would be 1.46, 0.49, 1.78 and 0.55, respectively. 
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Table XXIII. 
































Series D. 
Stave Stave Stave Stave Stave Stave 
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 
Total TANCE Tt tee tik Ards (2559 | A007 98-285. serene ee 
Average deviation from 
TEA, cose bos 4a be 0.99 | 0.60 L107 10.62 (90.64. 160559 
Grand average range in 
Seriess Da (uae errs ar 55 
Grand average deviation 
form mean Series D. 0.82 
a 
Collecting ‘terms from this bulky mass 


find: 


Table XXIV. 


. 


Ol dala, -we 








: Grand average range between 
Series maximum and minimum‘“in 
six sets of 5 tests each 


Grand average deviation 


from mean, in sets of 
5 tests each (Spheri- 
cal shot tests only) 








Ate 2.26 
Cs ae ee 2132 
| yee een aa 0) 2224 
EC 3.00 
Otte tea hex 300° (1.78)* 
De 555" 


| 
| 


0.69 
0.73 
0.64 
0.84 


0.90 (0.55) 


0.82! 





_ From the above, it can be seen that while in every 
large series of results, there are occasional ranges of 3.5, 
4 and even 5 per cent. between maximum and minimum, 
the ordinary or average range due to structural defects is 
between 2 and 3 per cent., and in a similar way, the ordinary 
departure of an individual test from the average of its set 


is about. 3 /'4 of a per :cent. 


A well marked difference is observable between the 
first 5 series, composed of materials selected from the kilns 
with regard to uniformity of heat treatment, and Series D, 





1 Excluding one highly erratic result. 


2 Twelve sets of 10 tests each, instead of six sets of 5 each. 
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composed of a commercial shipment diverted from its pur- 
pose. The ranges in this series run up to over 5.46 per 
cent., and in no case fall below 2.20. This is in much 
closer accord with what is found constantly by engineers 
who carefully follow up brick deliveries on the street with 
rattler tests. Some of the material, and often much the 
largest part, is as good as the bidders’ samples, but there 
is also generally some that is not as good—enough to give 
fluctuating and irregular tests, which destroy confidence 
in the test or in the material, according to the affiliation 
of the tester. 


A similar study of the ranges and deviations of the results 
or the tentative standard comparisons does not disclose anything 
different, except that one material shows much higher 
figures. This material is soft and wears excessively in 
rattling, and asthe tests show, is irregular and variable in 
addition and could not be considered as good or stand- 
ard brand. 


III. THE VARIATION IN ABILITY TO WITHSTAND THE 
RATTLER TEST DISCLOSED BY DIFFERENT BRANDS 
OF PAVING BRICKS OF GOOD REPUTATION. 


In the foregoing tables (III to IX, inclusive), we 
have a large amount of data from six standard brands of 
paving bricks. Owing to variations in the conditions 
of the rattler test into which it is not necessary to go here, 
these data are not closely comparable, series to series, and 
must be set aside for the present purpose. In Tables X 
and XI we have the same series and four additional ones 
compared under strictly uniform conditions, in which every 
detail. was most attentively watched. Although Series 
C and P are represented only by 5 tests each, owing to 
shortage of material, the other averages represent Io tests 
apiece. These results have value for our present pur- 
pose. Marshaling the data here, we have: 
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Table XXV. 
: Minimum Paah 
Series Av ere ES OF a SER loss in 10 Range ees ae 
tests tests 
A 19.59 20.38 18.72 1.66 0.55 
G BAR 24207" 23.80! iS bg ©o.367 
D QLCAT 2291 19.56 3.16 0.65 
E | 19-31 20.87 18.08 2.79 O.77 
EF | §18.20-7 I9.51-° 17.3057 22 tes O.51— 
)r7.19-3 19.27—° 15.44—° 3 .83-3 1.18-° 
G 1Sn77 19.58 £7.90 1.68 0.40 
H Pleats 30247 oag ae Ve) 7.14 oat 
K 18.92 20.30 17.59 Bae GI O79 
M 19.07 | 20.36 T7224 | i 94 0.93 
| ss 10273" | 7 40* 16.40, | I .00+ OV25> 








A scrutiny of the above shows a remarkably satis- 
factory situation. Of the 10 brands, seven show below 
20 per cent. average loss. The other three range in order 
21.47, 24.33 and 27.82. Ina study of the maxima, we also 
find that of the seven best materials, three do not reach 
20 per cent. and 20.87 per cent. is the highest. 


The relation between these figures, and the losses these 
same bricks would have shown under the old standard of 
the N. B. B. A. is problematical. The old test varied, as 
we now know, from a number of causes, chiefly the varia- 
ble quality and condition of the shot, the lack of uniformity 
of the staves and heads of the barrels, the lack of uniformity 
in counting broken brick at the end of the test, the use of 
either 10 or 11 heavy shots to make up nearest to 75 lbs. 
of the shot charge, instead of always 10, and insufficiently 
close regulation of the speed. To compare results obtained 
in the past by that test is impossible, because we do not 
know exactly what the above variables were. Only ap- 
proximations and estimates are now possible. 





* On 5 tests only. 
* Original sample, selected from the kiln. 
3 Second sample, chosen from street delivery. 
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It is the judgment of the writer that where the old 
test was done in a careful and skilful manner, with hard 
shot, stiff staves and closely regulated speed, the new 
test is distinctly easier than the old—probably by a per 
cent. Repeated tests demonstrate that the new test is 
about 2 per cent. easier than the old, if cubes and spheres 
of the same metal be used and the rattling chamber be the 
same in each test. 


On the other hand, when the old test was executed 
with soft shot, or a springy, loose-jointed rattler, or with 
slow speeds (28+) the new test will be from 3 to 6 per cent. 
higher. It is probable that the average difference over the 
country as a whole between the new test accurately per- 
formed and the old test as it usually has been performed 
would be at least four per cent. and possibly five per cent 
higher. 

From the preceding it appears, therefore, that the re- 
sults in Table X XV could safely be marked down by 2 or 
3 per cent. in translating into old-test terms. This would 
mean that seven out of ten of the blocks tested would 
‘pass an 18 per cent. standard easily, and 8 would pass at. 
20 per cent. Only two would have to be rejected. 

Of course, it must be borne in mind that these tests 
generally represent picked material—picked either by 
Mr. Blair or by the manufacturer. In only one or two 
cases did the material represent commercial shipments. 
It is fair to suppose that commercial shipments would 
show a higher average loss, a higher range and a higher 
average deviation. 

The showing made is good, nevertheless, and it should 
be useful to both engineers and manufacturers in all parts 
of the country to see, just at this time, what the brick- 
makers can do and what the new test will do. 
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CONCLUSIONS. 


First. The variationinrattler test in well burnt charges 
of paving brick of one brand, due to position in the kiln, 
whether top, middle or bottom, has been kept down to be- 
tween 2 and 3 per cent. in the case of five representative 
products studied. It would seem that there is no real 
need of its being allowed to exceed that in well-equipped 
plants using suitable clays. 

Second. The variation in rattler test in uniformly burnt 
charges of paving bricks of one brand, due to structural 
causes, is found to run between 2 and 3 per cent. Occa- 
sional erratic tests may increase the range to 4 or 5 pet 
cent. This conclusion is drawn from the study of ten 
brands. 

Third. From the foregoing, it follows that in dealing 
with paving bricks of first-class quality, we must expect 
a variation of from 3 to 5 per cent. in the output, as measured 
by rattler losses. In plants where the output is not of 
first-class quality, due to manufacturing causes, or burning 
irregularities or unsuitable clay, this margin is likely to be 
much wider—probably 5 to 8 per cent. in second-quality 
material and more than that in bad cases. 

Fourth. To attempt to judge of the quality of a paving 
brick by the rattling of a single charge of 10 bricks is en- 
tirely improper. With material which, under good condi- 
tions, shows an inherent variability within the limits shown 
above, not less: thanet he javerace sOl2s, 401, better, ro tests 
should be insisted upon before ruling out a paving brick 
because of failure to meet its guarantee or the specified 
limits. 

Fifth. Engineers, in setting the limits of losses in paving 
bricks tested for any purpose, should invariably insert the 
word average in their specifications. .For instance, a 
properly -written. clause might “say: “When sor tested 
(referring to the method of conducting the test) the aver- 
age loss on rattling 5 (or 10) consecutive charges, chosen 
as above provided, shall not exceed .... per cent.”’ 
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Sixth. If for any reason an engineer is unwilling to 
abide by the average loss of 5 tests, or of all of the tests 
(exceeding 5) made on the contract in question, and in- 
sists upon safeguarding himself by a provision setting a 
maximum loss above which no single charge may go with- 
out throwing out the entire lot of material, this maximum 
should certainly be very liberal, not less than 5 per cent. 
above the permissible average in any case. 

The writer has here shown that in paving bricks of 
representative brands, among the best in the country, 
carefttity. selected by experts, or by their makers,. there 
will still occur occasional erratic losses of 5 per cent. or 
more,-and while these do not affect the average of large 
numbers of tests appreciably, they may so occur as to 
cause the rejection of an excellent material if a hard and 
fast maximum is insisted upon. In general, the writer be- 
lieves that a maximum loss provision is not needed by 
engineers to secure excellent and reliable material, if they 
have wisely established the limit which the average must 
molvexceed:. 

Seventh. On the question as to where the average rattler 
loss of a paving brick should be set to insure a good product, 
the writer believes that this question is one which should 
be settled for each locality by itself—it is affected by geo- 
graphical conditions, freight rates, climatic conditions, 
traffic conditions in the locality, and by the kind of founda- 
tion and mode of laying the street. Obviously, no single 
standard would be wise or just. If it were made severe 
enough to be safe for all, it would cause the public to pay 
more for their streets than necessary in many places, and 
would put out of business many plants whose product is 
usefully employed, though not able to meet the drastic 
specification for important streets in large cities. 

Eighth. It has not yet been proven by actual research, so 
far as the writer is informed, just what the maximum 
limits of rattler loss may be for a paving brick to make a 
good street, under normal city conditions on the 4oth 
parallel. Certainly, many bricks which have not been 
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able to pass good rattler tests, when well laid, have made 
excellent streets. Until this relationship between rattler 
loss and street wear is in some degree established, city 
engineers should not raise the requirements under the new 
test higher than at least the average paving brick plant can 
meet. There exists good ground for the opinion that a 
mediocre or poor brick, if excellently laid in the street, 
may surpass the performance of the best bricks, poorly 
laid. If this should prove to be true, it will not mean the 
abandonment of the rattler test—it will merely mean a 
shifting of the limits of acceptance of its verdict. 
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Ionization Constants for Some Acids—650. 

Ives—‘‘Universal colorimeter,’’ 112. 


Jackson, W., and Rich, E.—Reference to work of, 189. 
Johnston—Reference to work of, 619. 
Johnstone, A.—Reference to work of, 72. 


Kaolin—Of Bornholm, Denmark, 57; of Boulder, Montana, 64; of Carlsbad, 
-Bohemia, 67, 69; of Cecil County, Maryland, 55; of Cornwall, England, 
66, 691; of Eastern Pennsylvania, 55; of Goldfield, Colorado, 71; of 
Halle, Germany, 57, 69; of Lothain, 69; of Meissen, Saxony, 57, 69; 
of National Belle Mine, 64; of Norway, 56; of Western North Carolina, 
55; ef Woodbridge, New Jersey, 55. 

Kaolin and Clay Mining in Europe—228. 

Kaolin and Ball Clay—Comparative effect of, in body, 258; comparative 
effect on coefficient of expansion, 412. 

Kaolin—as a flux, 84; Bryson, analysis of, 158; crystalline scales of, 64; effect 
on coefficient of expansion, 415; calcined, effect on coefficient of expan- 
sion, 410; formation of, by waters containing carbon dioxide, 67; forma- 
tion of, by action of acids on feldspar, 68; formation of, by weathering 
of muscovite, 72; found in zone of oxidation in ore bodies, 56; influence of, 
on color of glass, 256; microscopic examination of, 198; minerals found 
in, 60; mining at Cornwall, England, 240; mining at North Carolina, 
247; mining at Pomeisel, Bohemia, 233; mining at St. Yrieix, France, 
234; mining at Zettlitz, Austria, 232; rational analysis of, 196; source: 
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of color of, 68; theory of origin at Cornwall, England, 72; Zettlitz, analysis 
of, 407. 

Kaolinite—In clays, 194; formation of, 336; mistaken for sericite, 73; pro- 
duced by hydrolysis, 54. 

Kaolinization—Effect of CO, in percolating water, 53; difference in effect 
of swamp and surface waters on, 69; of feldspar, 52; not confined to 
cetain kinds of granites, 53; by pneumatolysis, 62; by. post-volcanic 
emanations, 61; by sulphate solutions, 71; by swamp waters, 68; by 
weathering, 51, 55; by weathering, objections to theory of, 57. 

Keele, J.—The effect of feldspar on kaolin in burning, 731; discussion by, 
789. 

Kerr, Charles— Discussion by, 85, 137, 207, 486, 682. 

Kellerman, K. F.—Reference to work of, 772. 

Kerr, G. A.—Reference to work of, 112. 

Kiln—Construction of a down-draft, 311; construction of a twelve-foot potter’s 
updraft, 385; influence of position of ware in, 805. 

Kilns—Method of charting heat distribution in, 119; rectangular, 706; 
records, 117; waste heat from periodic, 321. 

Kiln Crown—method of laying, 316; rise of, 319. 

Kiln Firing—FEffect of change in manner of, on glaze fit, 173, 174. 

Kiln Floor—Regulation of openings in, 721. 

Kiln Flues—Calculation of size and number of, 718; determination of size 
of secondary openings, 714; regulation, 706, 709; main, apportioning 
of, 711; number of secondary openings into, 713. 

Knote, J. M.— Discussion by, 789; reference to work of, 742. 

Konig’s Law for Photometric Sensibility—111. 

Kramm, H. E.—Some effects of gypsum on clay, 689. 

Kraze, Fritz—Reference to work of, 142. 


Lag in Contraction of Porcelain—459. 

Laminations—FEffect of, on dunting, 418. 

Laube—Reference to work of, 53. 

Landrum, R. D.—Resistance of sheet steel enamels to solution by acetic 
acid of various strengths, 494; discussion by, 500. 

Lead and Zinc Oxide—Comparative effect of, on fusibility of enamels, 507. 

Lead Oxide and Boracic Acid—Comparative effect of, on fusibility of enamels, 
507. 

Lee— Discussion by, 641. 

Le Chatelier—Reference to work of, 619. 

Lime—Available in limestones, 622; in clays, 689; effect of burning tempera- 
ture on density of, 629; used in silica brick, 152. 

Limestones—The burning temperatures of, 617. 

Lindgren and Ransome—Reference to work of, 56. 

Lindgren—Reference to work of, 63, 64, 67, 71. 

Lothainer Tone—Analysis of, 407. 

Lovejoy, E.—Discussion by, 600, 787. 
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Lovibond Tintometer—112. 
Lukas—Reference to work of, 388. 
Lunge—Reference to work of, 651. 


Maddock, J.—Discussion by, 173, 417. 

Magnesia—Influence of, on color in glass, 257. 

Magnesium Carbonate—Dissociation of, 618, 621. 

Magnetic Separator—639. 

Majolica—Properties of, 89. 

Mallard—Reference to work of, 63. 

Manganese—Theory of decolorizing action of, 251. 

Manganese and “Powder Blue”’—253. 

Marten’s Photometer—114. 

Matt Glazes—Crazing of, 191. 

Mayer, E.—Discussion by, 417, 639, 643, 646; reference to work of, 94, 185, 
7203 

Mayfield Ball Clay—157. 

Mellor, J. W.—Reference to work of, 204, 206, 388, 433, 479, 642. 

Mellor, Lattimer and Holdcroft—Reference to work of, 676. 

Merrill, G. P.—Reference to work of, 58, 59,-198. 

Melting Point—76. 

Melting Point and Deformation Eutectics—668. 

Melting Point and Softening Temperatures of Lead-Silica Glasses—678. 

Metasomatism—Kaolinization by, 62. 

Meuche, Karl—Reference to work of, 436. 

Mica— Decomposition of, 53; in North Carolina clays, 246, 248. 

Michaelis—Reference to work of, 648. 

Micrometer—Calibration of, 439. 

Mineral Emulsions—679. 

Mineral Constitution—Effect of, on thermal expansion, 456; effect of, on glaze 
fit, 199; determination of, 197. 

Minerals—Identification of, in clays, 194; difference in rate of solubility, 
54, 341, 342, 346; formation of, in fusions, 128; reason for relative resist- 
ances of, to weathering, 344, 346; in kaolins, 60; solubility of, 338. 

Mineralogical Constitution vs. Ultimate Analysis—123. 

Mining of Clays—228. 

Mining Methods in North Carolina—246. 

Minneman, J.—An investigation on art enameling on metal, 514; note on 
vitrification range and dielectric behavior of some porcelains, 704. 

Monazite—Occurrence of, in soils, 61. 

Molecular Concentration of Zinc Silicates in Crystalline Glazes—129. 

Molecular Kinetic Energy—75. 

Molecular Weights—Value of, 133, 141, 147, 150. 

Montgomery, E. F.—The construction of a center stack down-draft kiln, 
311; a study in underglaze colors with view of determining the most 
insoluble and nonvolatile composition, 723. 
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Morgan—Reference to work of, 147. 

Mottling of Enamels— 489, 494. 

Mueller, H. C.—‘‘The relation between the artist and chemist in ceramic 
manufacture,’’ 97. 

Murray, G. A.—Chemical porcelain, 585. 

Muscovite—Kaolinization of, 72. 


Nernst—Reference to work of, 147. 

Nitre—Effect on color in glass, 255; aS an oxidizing agent, 255. 

Nomenclature of Silicates—130. 

Norms—Calculation from, 126, 139; formation of, 127; of porcelain glaze, 
574, 580; relation between oxygen ratio and kinds, 130; value of, 145. 

North Carolina—Mining of kaolin in, 246, 247. 

Nutting, P. G.—Measurement of color of whiteware, 111. 


Ogan, J. M.—Cause of permanent expansion in fire brick, 602. 

Ogden, E.—Reference to work of, 165, 395. \ 

Ogden, L.—Effect of composition on strength of porcelain, 395. 

Ogden Sewerpipe and Clay Co.—298. 

Ohio Silica Flint—Analysis of, 158. 

Oil Used as Bath at High Temperatures— 437. 

Opacifiers—551. 

Opacity in Porcelain Glazes—s558, 561, 565, 581; effect of clay on, 576. 

Orthoclase Feldspar—Analysis of, after treating with hydrofluoric acid, 63. 

Orton, E., Jr.—Experiments on the drying of certain tertiary clays, 765; 
some observations on qualities of paving bricks, 792. 

Orton, E., Jr.—Discussion by, 107, 247, 257, 600, 615; reference to work of, 
123, 150, 419; 421. 

Orthosilicate— Dusting of calcium, 190. 

Ostwald—Reference to work of, 147. 

Oxides—Lost in weathering, 361. 

Oxygen Ratio—124, 130, 612, 615. 


Parmelee, C. W.—Discussion by, 95, 176, 460, 477; reference to work of, 
559, 579, 571, 575- 

Paving Brick—Some observations on the qualities of, 792. 

Percentage Amounts—As method of calculation, 122. 

Petrik, L.—Reference to work of, 531. 

Photometer—Marten’s, 114. 

Photometric Sensibility—111. 

Phosphoric Acid in Rocks—Effect of weathering on content of, 59 

Physical Factors—Empirical, 132. 

Pickling of Metal before Enameling—517. 

Pickling Solutions—489. 

Pipe Clay Mining at Devonshire, England—238. 

Pneumatolysis—Kaolinization by, 62. 
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Porcelain—Chemical, 459, 585; formula for, 470, 552, 726; compared with 
china, 87; effect of time factor in testing dielectric strength of, 704; 
effect of composition on coefficient of expansion, 406, 431; effect of 
composition on abrasive strength, 395; effect of temperature on dielec- 
tric strength, 469; Dr. Hecht’s investigation of, 259; microscopic struc- 
ture of, 480; French method of preparing body for, 238; properties of, 
86; soft fire glazes on, 275. 

Porcelain Glazes—s550; range in composition, 570; formula for, 726; effect 
of composition on heat range of, 577. 

Porosity as Effected by Loss of Volatile Constituents—699, 733. 

Porosity Changes in Limes Due to Heat Treatment—631. 

Porosity— Data showing effect of feldspar on kaolin in burning, 733; effect 
of composition and heat treatment, 270; and ability to stand quick 
temperature changes, 595; of fire brick, effect of heat treatment on, 
606; of limestones, effect of burning, 623; method of determination, 
693; rate of decrease in shales on burning, 391; test on whiteware, 103. 

Potash Salts from Feldspar—683. 

Pottery—Limits of composition, 91. 

Pottery Kiln—Construction of, 385. 

Potts, A.—Discussion by, 142, 462. 

. Pre-heating of Clays to Overcome Shrinkage Cracking—774. 

Purdy, Ross C.—Fluxes and fusions, 75; range in composition of glazed 
white ware bodies, 86; Seger’s rules for correction of glaze defects by 
changing the body, 157; relative solubility of clay and flint in feldspar, 
479; porcelain glazes, 550. 

Purdy, R. C., and Potts, A. P.—Influence of clay, feldspar and flint on coef- 
ficient of expansion of certain white ware mixtures, 431. 

Purdy, R. C.—Discussion by, 169, 175, 185, 193, 258, 405, 418, 424, 429, 
460, 478, 485, 617, 639, 641; reference to work of, 129, 157, 551, 579, 
784. 

Pyro-physical Properties—Relation of chemical composition to, 125. 

Pyro-physical Reactions in White Ware Mixtures—485. 

Pyrite—Possible origin of kaolin, 60. 

Pyrometric Cones—Effect of flame on, 117. 

Pyrophyllite—Produced by hydrolysis of orthociase, 55. 


Quartz—See flint; effect on dunting, 417; volume increase on inversion, 189. 


Randau, Paul—Reference to work of, 531. 

Rational Analysis—Value of, 164, 165, 170, 172, 175, 193; from a practical 
point of view, 199. 

Ransome—Reference to work of, 64, 71. - 

Rattler Test on Porcelain—395; permissible range in loss in, 816; on paving 
brick, 792. 

Red Color in Glass—Effect of cobalt on, 253. 

Refractories—See fire brick, silica brick. 

Refractory Clays of Silver City, Utah—295. 
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Refractory Curves—For white ware mixtures, 82. 

Refractories—Standard for, in iron enamel, 134, 136. 

Residual Clay—Forces determining physical character of, 363; constitution 
dependent upon parent rock, 360; origin of kaolins, 51. 

Rhead, Frederick—Experiments on fritted enamel glazes at cones I-3, 324. 

Riddle, F. H.—The construction of a twelve-foot potter’s updraft kiln, 385; 
discussion by, 404, 641; reference to work of, 531. 

Rieke—Reference to work of, 82, 574, 582, 670. 

Ries, Heinrich—A review of the theories of origin of white residual kaolins, 
51; reference to work of, 195, 782. 

Rocks— Decomposition of, 338, 347; and their residues, bibliography of 
analyses of, 379; laws of resistance of, 362; weathering, bibliography of, 
364. 

Rocky Mountain Fire Clay Co PES 

Rogers, W. B. and R. E.—Reference to work of, 339. 

Roofing Tiles and their Manufacture— 306. ‘ 

Roofing Tiles—Burning of, 310; clays suitable for, 308; dies for, 309; number 
of per square, 307; value of special design of, 307; value of vitrification 
of, 306; kilns for, 310. 

Rosler, H.—Reference to work of, 57, 65. 


Saggar Breakage—645. 

Salt—Common, used to prevent cracking in drying, 789. 

Sand-Lime Brick—Chemistry of, 648; hardening of, 660; petrographic study 
of, 663. 

Sand—tUse of, as an antiplastic, 770. 

Sant, J.— Discussion by, 246, 248. 

Sawdust—Use of, as an antiplastic, 770. 

Schaller—Reference to work of, 676. 

Searle—Reference to work of, 123, 552. 

Seger—Reference to work of, 84, 123, 180, 187, 413, 435, 458, 670. 

Seger Cones—Blind and sight, 117. 

Seger’s Rules for Control of Glaze Fit—157, 159. 

Selle, VimReference to work of, 73. 

Separators—Magnetic, 639. 

Shale—Function of time on vitrification of, 387. 

Shepard, Rankin and Wright—Reference to work of, 147, 670. 

Shiver—Seger’s rules for correction of, 160. 

Shrinkage—Excessive, experiments to overcome, 769. 

Shrinkage at Cone o9—Effect of body composition on, 271, 273.; at cone I0, 
effect of body composition on, 272, 274; curves for fire clays, 604; effect 
of caustic soda on, 773; effect of carbonate of soda on, 773; effect of sand 
on, 770; effect of preheating on, 774; effect of sawdust on, 770; effect of 
sulphuric acid on, 773; effect of tannic acid on, 773; data for, on porce- 
lain, 401; data showing effect of feldspar on kaolin, 734; effect of colloid 
content of clays on, 387; rate of, 388. 
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Silesia—East Germany, clay mining in, 228. 
Silica—See flint; effect of increase on constitution of fused magma, 128, 
130; effect on glaze fit, 172; separation of combined and free, 651. 


Silicates—Formed in crystalline glazes, 129; formed in fusions, 127; formed 
by calcining mixture of calcium oxide and silica, 658. 

Silica Brick—Burning of, 153; clays used as bond in, 288; cost of manufacture, 
154; drying of, 154; improved methods of handling, 153; machine- vs. 
hand-made, 156; moulding of, 152; note on manufacture of, by the Ana- 
conda process, 152; number of workmen required, 154; preparation of 
batch, 152; properties when burned, 155; repressing of, 152; sand rock 
for, 155; uses’of,-155: 

Silicate of Soda—FEffect of, in bodies, 641, 643; how used in casting slips, 
642. 

Sillimanite—Conditions attending formation of, 128; effect of, on thermal 
expansion of porcelain, 461, 464; effect on translucency, 479. 

Simcoe, George— Discussion by, 599, 639. 

Simonies—Reference to work of, 79, 81. 

Size of Grain—Effect of, 482, 733. 

Slaking of Limes—Fffect of porosity on, 623, 634. 

Slip—Best substance to prevent settling of, 641; removal of magnetic iron 
from, 639. 

Smith, A. E.—Steel dies for dry press wares, 597. 

Sodium and Potassium Oxides—Comparative influence of, on fusibility of 
enamels, 504. 

Soluble Salts—Causing bleb structure, 609. 

- Solubility—Of clay and flint in feldspar, 479; difference in rate shown by 
different minerals, 54; of enamels in acetic acid, 494; of minerals; 338. 

Solvent—The, in white wares, 486. 

Specific Gravity—Test on white wares, 103; of fire clays burned at various 
cones, 609. 

Specification—Commercial, 110; government, 109. 

Speir, H. F.—Methods employed in connection with the reduction, milling 
and shipment of quartz, flint rock or silica sand, 326; discussion by, 
248. 

Staley, H. F.—Calculation of ceramic mixtures, 122; the cause and control 
of mottling of enamels on metal, 489; the control of fusibility in enamels, 
502; melting point and deformation eutectics, 668; discussion by, 143, 
497, 685; reference to work of, 188, 531, 583. 

Stephani, W. J.—Some practical observations in the drying of terra cotta, 
746. 

Stephenson, H. H.—The oxygen ratio, 612. 

Stolp, Charles—Notes on roofing tile and their manufacture, 306. 

Stoneware Glaze—s5o. 

Stover, E. C.—Discussion by, 136, 304, 332, 416, 428, 475; reference to work 
OL 723° 
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Stremme, H.—Reference to work of, 67, 69. 

Strength of Pottery Bodies—Effect of silicate of soda on, 643. 

Structural Defects in Paving Brick—Effect of, 810. 

Stull, R. C.—Reference to work of, 176, 552, 561. 

Sulphates—Effect of, in glazes, 226. | 

Sulphur Dioxide—Rate of expulsion from clays, 694; temperature of expul- 
sion from clays, 697. 

Sulphuric Acid—Use of, to reduce cracking in drying, 773. 

Sullivan—Reference to work of, 60. | 

Surface Tension—As cause of gloss in glazes, 583. 


Takahashi, K.—Some experiments on color of soda lime glass, 251. 

Temperature Required in Burning Lime—624, 634. 

Tannic Acid—Use of, to reduce shrinkage cracking, 773. 

Tennessee Ball No. 1—Rational analysis of, 196. 

Tensile Strength—Effect of, on dunting, 418. 

Thermal Expansion—See expansion. . 

Terra Cotta Glazes—Formula of 551. 

Terra Cotta— Drying of, 746. 

Tests—Absorption on white wares, 103; bonding power of ground coats, 
546; chemical porcelain, 587; clays, 767; coefficient of expansion, 406; 
dielectric strength of porcelain, 704; toughness of porcelain, 395; enamels, 
494, 521; fire brick under load, 210; paving brick, 792; porosity of white 
wares, 103; red ink, 103; burning temperature of limes, 624; specific 
gravity of white wares, 103; translucency of white wares, 104. 

Thwing, C. B.—Reference to work of, 475. 

Tintometer—Lovibond’s, 112. 

Titanium Oxide—Fffect of, in chrome-alumina stains, 304. 

Topaz—Secondary alteration into kaolin, 64. 

Translucency—Effect by composition and heat treatment, 269, 482; com- 
parative effect of china and ball clay on, 480; effect by sillimanite, 480; 
measurement of, 104, 400; correlated with resistance to penetration of 
red ink, 105; effect of thickness of ware, 105. 

Triaxial Diagram—Explanation of, 259. 

Tube Mill—Use of, in reduction of flint, 329. 

Tucker—Reference to work of, 68. 

Tutton, A. E.—Reference to work of, 432. 


Underglaze Colors—723. 

Underhill, D.—Reference to work of, 531 
Utah—Commercial clays of, 277. 

Utah Fire Clay Co.—281. 


Veatch—Reference to work of, 198. 

Vesicular Structure—Effect of, on thermal expansion, 464. 

Viscosity—Of glasses, 676; of solutions of salts, 486. 

Vitrification—Behavior of clays, effect of calcium carbonate on, 689; compara- 
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tive influence of ball and china clay on rate of, 484; effect of silicate of 
soda on, 644; function of time on, 387.. 

Vitrification zone— Determining factors of, 674. 

Voght—Reference to work of, 56. 

Volcanic Emanations—Kaolinization by, 61. 

Voltage Strength of Porcelain—Effect of thickness of ware, 474; effect of 
temperature, 474. 

Volume Changes—In body and glazes when cooling, 187; during fusion of 
porcelain glazes, 582; in minerals due to inversion, 189. 

‘Von dracek, Von R.—Reference to work of, 531. 


Walker, F.—Reference to work of, 185. 

Wall Tile—Requirements of, 89; warping of, 90. 

Warpage—As effected by composition, 481. 

Washington—Clay deposits of, 751. 

Watts, A. S.—Clay and kaolin mining in Europe, 228; notes on chrome- 
alumina colors, 301; some coefficient of expansion data on porcelain 
made from European material, 406; discussion by, 331, 460, 476, 481, 
642; reference to work of, 433, 475, 479. 

Weathering—Depth of effectiveness, 53; forces, 55, 336; field examples of, 
55; kaolinization by, 51; objections to theory of kaolinization by, 57; 

of rocks, bibliography of, 364. 

Weber, R. F.—Reference to work of, rg5. 

Weelans, Charles—Report of Committee on Classification of White Wares, 
102; discussion by, 176, 192, 415, 416, 425, 429, 642, 643; reference to 
work of, 168, 552. 

Werner—Reference to work of, 51. 

White Granite Ware—Properties of, 88. 

Winkel—Reference to work of, 57. 

White Ware Bodies—Classification of, 102; effect of silicate of soda on, 642; 
measurement of color of, 111; coefficient of expansion of, 431; pyrophysical 
reactions in, 486; range in composition of, 86. 

Whiting—Use of, in enamels, 508. 

Wilder— Discussion by, 600. 

Wollastonite—And quartz mixture, fusion phenomenon of, 77; volume 
change on inversion, 189. 

Wiist—Reference to work of, 57. 


Zavriev—Reference to work of, 619. 

Zettlitz Kaolin—Analysis of, 407; mining of, 232; shrinkage of, 388. 

Zinc—vs, Calcium in porcelain glazes, 559; effect on chrome-alumina stains, 
303; effect of, in enamels, 529; effect of, on opacity, 571; and barium oxide, 
comparative effect of, on fusibility of enamels, 507; and lead oxide, 
comparative effect of, on fusibility of enamels, 507. 

Zinc Silicates—Molecular concentration of, in crystalline glaze, 129. 

Zoellner—Reference to work of, 480. 

Zulkowski—Reference to work of, 189. 
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